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ABSTRACT
T r y p t i c  p e p t i d e  maps were pr ep a r e d  f o r  t h e  myoglobins o f  h a rb or  
s e a l ,  r ibbon s e a l ,  bearded s e a l ,  Weddell s e a l ,  n o r th e r n  f u r  s e a l ,  and 
w a l ru s .  The maps were produced by high vo l ta g e  e l e c t r o p h o r e s i s  a t  
pH 1 . 9 ,  us ing 20 cm X 30 cm r e c t a n g l e s  of  Whatman 3MM f i l t e r  paper.
All bu t  14 re s i d u e s  o f  the  myoglobins o f  h a rb o r  se al  and r ibbon se al  
were recogn ized .  The composi tion o f  t r y p t i c  p e p t i d e s  i s o l a t e d  was 
i d e n t i c a l  t o  the  amino a c id  composit ion given f o r  the  t r y p t i c  p e p t i d e s  
o f  Maine c o a s t  h a rb or  se al  myoglobin.
The myoglobins of  f o u r  phocid  s e a l s  ( h a r b o r ,  r i b b o n ,  b e a rd e d ,  
Weddel l)  were i d e n t i c a l  in a l l  p e p t i d e s  reco ve red  ( 1 2 5  of  153 r e s i d u e s ) .  
The myoglobin of  t h e  no rth e rn  f u r  se al  e x h i b i t e d  8 amino a c id  r e p l a c e ­
ments when compared with h a rb o r  s e a l  myoglobin ( 9 7  of  153 r e s i d u e s ) .
One d i f f e r e n c e  was seen between ipyoglobin of  f u r  s e al  and myoglobin 
o f  walrus  ( 9 0  of  153 r e s i d u e s ) .
The i d e n t i t y  of  t h e  myoglobin o f  t he  phocid s e a l s  s t u d i e d  i n d i c a t e s  
t h a t  they are  very c l o s e l y  r e l a t e d .  The d i f f e r e n c e s  seen between t h e  
phocid myoglobin and t h a t  o f  the  walrus  and n o r t h e r n  f u r  s e a l  i s  con­
s i s t e n t  with  c u r r e n t  s y s t e m a t i c s .
A model f o r  t h e  t r e a t m e n t  o f  amino a c id  d i f f e r e n c e s  i s  proposed 
and a p p l i e d .  This model i s  based on t he  hydrogen bonding p r o p e n s i t y  
o f  t h e  amino a c id  s i d e  chains  and t h e  " h y d r o p h i l i c - o u t ,  and hydrophobic-  
in" p r i n c i p l e .
i i i
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1INTRODUCTION
A p r o t e i n  may be d e f i n e d  as a n a t u r a l l y  o c c u rr in g  polymer 
whose fundamental s u b u n i t s  are  amino a c i d s .  These amino a cid s  a re  
l i n k e d  t o g e t h e r  in a l i n e a r  s e q u e n t i a l  f a s h i o n  by a bond between 
t he  te r m in a l  carboxyl  group o f  one and t he  a lpha  amino group o f  
t he  n e xt .  This bond which forms p r o t e i n s  i s  termed t h e  p e p t i d e  
bond. The n a t u r a l  p r od uc t i on  of  a p r o t e i n ,  q u a l i t a t i v e l y  and 
q u a n t i t a t i v e l y ,  i s  g e n e t i c a l l y  determined.
There are  twenty commonly o c c u r r in g  amino a cid s  found in 
p r o t e i n s ,  and t h e  e x a c t  sequence i n  which th ey  occur  in a given 
p r o t e i n  i s  determined by the  g e n e t i c  m a t e r i a l  c o n t r o l l i n g  t he  
s y n t h e s i s  o f  t h e  p r o t e i n  under  c o n s i d e r a t i o n .  I t  follows t h e n ,  
t h a t  t h e  e x a c t  sequence o f  a given p r o t e i n  maybe c h a r a c t e r i s t i c  
f o r  t h e  s p e c i e s  in which t he  p r o t e i n  i s  produced.  Such an i n t u i t i v e
c on c lu s io n i s  v e r i f i a b l e  in t he  d a t a  p r e s e n t l y  a t  hand. While i t
i s  t r u e  t h a t  only a few p r o t e i n s  from a small  number o f  s p e c i e s  have 
been examined, t h e  r e s u l t s  i n d i c a t e  t h a t ,  by and l a r g e ,  t h e  primary 
s t r u c t u r e  o f  a given p r o t e i n  can be taken as a c h a r a c t e r  f o r  a 
p a r t i c u l a r  s p e c i e s .
There i s ,  however,  a good deal  o f  s i m i l a r i t y  in t he  pr imary 
s t r u c t u r e  o f  p r o t e i n s  from c l o s e l y  r e l a t e d  s p e c i e s .  In f a c t ,  t h e  
sequences  a re  so s i m i l a r  t h a t  i t  i s  t h e  d i f f e r e n c e s  t h a t  have been 
t h e  b a s i s  f o r  comparison r a t h e r  th an  t h e  s i m i l a r i t i e s .  The two
p r o t e i n s  t h a t  have r e c e i v e d  t he  most e f f o r t  are  cytochrome c and
hemoglobin.  While t h e  i n fo r m a t io n  r e s u l t i n g  from t h e s e  s t u d i e s
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2may be c o n s id e r ed  from a number o f  v i e w p o i n t s ,  t h e  most immediate 
one i s  t h a t  o f  e v o l u t i o n .  S pe c ie s  d i f f e r e n c e s  i n  a given p r o t e i n  
may be e x p la i n e d  on t h e  same b a s i s  t h a t - o n e  e x p l a i n s  o t h e r  s p e c i e s  
d i f f e r e n c e s .  I f  one a c c e p t s  t h e  o c c u r r e n c e  o f  random m u t a t i o n s  i n  
t h e  chromosome then a change may be e x p e c t e d  in  t h e  end p r o d u c t  o f  
t h e  chromosome, namely t h e  p r o t e i n  pr im ary  s t r u c t u r e .  The p e r s i s t e n c e  
o f  such a change,  an amino a c i d  r e p l a c e m e n t ,  s h o u ld  depend on t h e  
impact  o f  t h a t  repla cem en t  on t h e  m o l e c u l e ,  i t s  s t r u c t u r e  and i t s  
a c t i o n .  The degree  t o  which a given re p l a c e m e n t  p e r s i s t s  o r  be­
comes e s t a b l i s h e d  i n  a given p o p u l a t i o n  o r  s p e c i e s  w i l l  depend t o  
some degree  upon t h i s  impact  and upon t h e  c i r c u m s t a n c e s  s u r r o u n d i n g  
t h a t  p o p u l a t io n  o r  s p e c i e s .  At f i r s t  t h o u g h t ,  i t  may seem i m p o s s i b l e  
f o r  a s i n g l e  m ut a t io n t o  become c h a r a c t e r i s t i c  o f  a p o p u l a t i o n  o f  
thousands  or  even m i l l i o n s  bu t  c a t a c l y s m i c  d e c l i n e s  in  p o p u l a t i o n  
may l e a v e  the  c a r r i e r  o f  an a t y p i c a l  p r o t e i n  sequence a t  a b r e e d i n g  
advantage with t h e  r e s u l t  t h a t  t h e  p r o t e i n  sequence t h a t  i s  now im­
p r i n t e d  on t he  p o p u l a t i o n  o r  s p e c i e s  i s  n o t  r e a l l y  due t o  s e l e c t i v e  
adva ntag e.  Thus,  f o r  example,  t he  bi so n  f e l l  from a p o p u l a t i o n  o f  
5 0 , 0 0 0 , 0 0 0  t o  perhaps  50 b e f o r e  t h e  d e c l i n e  was r e v e r s e d .  I t  s h o u ld  
a l s o  be noted t h a t  many, i f  no t  m ost ,  o f  t h e  amino a c i d  rep la ce m e nts  
seen a re  probably  t r i v i a l  o r  n e u t r a l ,  and s ho ul d  be viewed as r e f l e c t ­
ing a g e n e t i c  change w i t h o u t  s e l e c t i v e  a d va nta ge .
I t  i s  t r u e  t h e n ,  t h a t  v a r i o u s  s p e c i e s  many t imes  d i f f e r  i n  t h e  
primary s t r u c t u r e  o f  t h e  same p r o t e i n .  However, t h e r e  a ppe ar s  t o  be 
d i f f e r e n t  degrees  o f  c o n s t r a i n t  under  which d i f f e r e n t  p r o t e i n s  va ry .
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3This  de gree  o f  c o n s t r a i n t  s ho uld  r e l a t e  t o  t h e  f u n c t i o n  o f  t he  
m olec ule  and i t s  importance  t o  t h e  organism.  The bovine  milk p r o ­
t e i n s ,  f o r  i n s t a n c e ,  a r e  known t o  vary e x t e n s i v e l y  w i t h i n  a given 
b r e e d ,  ( P e t e r s o n  e t  a l .  1 9 6 6 ) .  This  i s  a c c e p t a b l e  f u n c t i o n a l l y  b e ­
c au se  t h e  pr imary r o l e  o f  milk p r o t e i n s  i s  t o  p r ov id e  p r o t e i n  t o  t h e  
young mammal. Cytochrome c ,  f u n c t i o n i n g  n e a r  t h e  end o f  t h e  t r a n s p o r t  
c h a in  as an e l e c t r o n  t r a n s p o r t  m ol e c u le ,  p o s s e s s e s  t h e  same sequence 
i n  bo th  man and t h e  chimpanzee,  s p e c i e s  be lo n g i n g  t o  t h e  same o r d e r  
b u t  i n  d i f f e r e n t  f a m i l i e s .
This example,  one o f  many t h a t  could be c i t e d ,  i n d i c a t e s  t h a t  
from t h e  s t a n d p o i n t  o f  v a r i a b i l i t y ,  p r o t e i n s  a re  no t  e q u i v a l e n t .  
N e v e r t h e l e s s ,  from t h e  m o l e c u l a r  p o i n t  o f  view,  t h e  g r e a t e r  t h e  
s i m i l a r i t y  between t h e  pr imary s t r u c t u r e  o f  t h e  same p r o t e i n  from 
d i f f e r e n t  taxonomic g r o u p s ,  t h e  more c l o s e l y  t h e s e  organisms a r e  r e ­
l a t e d  g e n e t i c a l l y .  I t  i s  o f  i n t e r e s t  t o  c o r r e l a t e  e s t a b l i s h e d  r e l a t i o n ­
s h i p s  w i t h  s i m i l a r i t i e s  o r  d i f f e r e n c e s  in t h e  pr imary s t r u c t u r e  o f  t h e  
p r o t e i n s .
The e v id e nc e  to  d a t e ,  i n  r e l a t i o n  t o  t h e  a lm os t  i n f i n i t e  a r r a y  
o f  b i o l o g i c a l  s p e c i e s ,  i s  to o  f rag m ent ary  t o  confirm general  p r i n ­
c i p l e s .  However, a few workers  i n  t h e  f i e l d  have made an i m p r e s s i v e  
b e g i n n i n g .  A major  e f f o r t  has c e n t e r e d  around cytochrome c .  The pr imary 
s t r u c t u r e  o f  t h e  cytochrome c o f  twenty  s p e c i e s ,  from lower p l a n t s  to  
man, have been de te rm in e d.  On t h e  b a s i s  o f  t h i s  i n f o r m a t i o n ,  p h y l o ­
g e n e t i c  t r e e s  have been c o n s t r u c t e d  (Nolan and Marg o! ias h,  1 9 6 8 ) .  The 
r e s u l t i n g  schema i s  c o n s i s t e n t  wi th  c u r r e n t  s y s t e m a t i c s .
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4The terms homology and homologous have been a p p l i e d  t o  pr o­
t e i n s  in  much t h e  same way t h a t  they a re  commonly used f o r  mor­
ph ol og ic a l  f e a t u r e s  in bio lo gy .  Margol iash ( 1 9 6 9 )  s t a t e d  t h a t  the  
term homologous, as a pp l ie d  t o  p r o t e i n s ,  i m pl ie s  " t h a t  t he  g e n e t i c  
coding f o r  t h e  po ly pe pt id e s  c o n s i d e r e d ,  in a l l  t h e  s p e c i e s  c a r r y i n g  
t h e s e  p r o t e i n s ,  had at  one t ime a common a n c e s t r a l  gene".
Cytochrome c
Cytochrome c i s  the  only p r o t e i n  to  d a te  which has been 
s t u d i e d  i n  both p l a n t  and animal kingdoms. Dickerson and Geis 
( 1 9 6 9 )  have e s t i m a t e d  t he  number o f  amino a c i d  repl ace me nts  in 
cytochrome c between major groups.  This i n f o r m a t i o n ,  reproduced 
in p a r t  as Table 1 ,  shows t h a t  t h e  g r e a t e r  t h e  s e p a r a t i o n  between 
taxonomic gr ou ps ,  t h e  g r e a t e r  t h e  number o f  amino a c id  replace m en ts .
I f  t he  pr imary p r o t e i n  s t r u c t u r e  of  d i s t a n t l y  r e l a t e d  s p e c i e s  
d i f f e r s  t o  t h e  de gree  s e en ,  how c l o s e l y  must s p e c i e s  be r e l a t e d  t o  
show no d i f f e r e n c e ?  As s t a t e d  p r e v i o u s l y ,  cytochrome c from man 
and from chimpanzee r e p r e s e n t i n g  d i f f e r e n t  f a m i l i e s  w i t h i n  one s u p e r ­
family  have t h e  same sequence.  Man versus rhesus  monkey, r e p r e s e n t i n g  
d i f f e r e n t  s u p e r f a m i l i e s  shows a s i n g l e  d i f f e r e n c e  w i t h i n  t h e  same 
su b o rd e r .  The sequences o f  cytochromes c o f  t h e  p i g  and t h a t  o f  
t he  cow r e p r e s e n t i n g  d i f f e r e n t  suborders  ( o r d e r  A r t i o d a c t y l a )  are  
i d e n t i c a l .  The cytochrome c from duck ( o r d e r  An s e rif orm e s )  poss es s e s  
t h r e e  d i f f e r e n c e s  when compared t o  t h e  sequence o f  cytochrome c o f  the  
pigeon ( o r d e r  C h a r a d r i i f o r m e s ) .  This s u g g e s t s  t h a t  t h e  t a x a  are  n o t  
e q u i v a l e n t l y  s e p a r a t e d ;  t h e r e  i s  not  a s i n g l e  c o n s t a n t  number of
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5Table 1
Amino a c id  s u b s t i t u t i o n s  between 
t h e  cytochromes c o f  va r ious  s p e c i e s .  
(Data  i s  from Dickerson and Geis ( 1 9 6 9 )
Groups Compared*
Higher  v e r t e b r a t e s  ( 1 8 )  vs .  f i s h  ( 1 )  
V e r t e b r a t e s  ( 1 9 )  vs .  i n v e r t e b r a t e s  ( 2 )  
Animals ( 2 1 )  vs .  p l a n t s  ( 4 )
Average number o f * *  
s u b s t i t u t i o n s
Mammals (1 ) vs. b i r d s  ( 4 ) 1 0 . 0
Mammals (1 ) vs. r e p t i l e s  ( 3 ) 1 4 . 3
Mammals (1 ) vs. f i s h  ( 1 ) 1 8 . 5
Mammals (1 ) vs. i n v e r t e b r a t e s  ( 2 ) 2 5 . 4
Mammals (1 ) vs. p l a n t s  ( 4 ) 4 6 . 7
18 .5
2 5 . 9
4 7 . 0
*  The numbers in  p a r e n t h e s i s  r e f e r  t o  t h e  number o f  s pe ci e s  in  
t h e  group d e s c r i b e d .
* *  Average o f  d i f f e r e n c e s  between a l l  p a i r s  of  s p e c i e s .
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6primary s t r u c t u r e  d i f f e r e n c e s  f o r  a given p r o t e i n  between tax on­
omic gro ups,  i . e .  t h a t  s u b s t i t u t i o n  may be more e f f e c t i v e l y  i n ­
co rp o r a te d  i n t o  some groups than i n t o  o t h e r s .  A d d i t i o n a l l y ,  the  
t ime t h a t  t he  taxonomic groups have been s e p a r a t e d  from one an o th e r  
c e r t a i n l y  i s  a f a c t o r .
Hemoglobin
The degree o f  c o n s t r a i n t  seen in  cytochrome c i s  in  c o n t r a s t  t o  
t h a t  observed in hemoglobin.  Normal hemoglobin i s  composed o f  two 
d i f f e r e n t  chains  termed alpha and b e t a ,  and both chains  have been 
shown t o  vary when hemoglobins o f  organisms from r a t h e r  c l o s e l y  r e ­
l a t e d  groups are compared. Nolan and M a rg o l ia s h ( 19 68 )  note  t h a t  
pr imate  hemoglobins f u r n i s h  t h e  most e x t e n s i v e  d a ta  f o r  comparison 
of  primary p r o t e i n  s t r u c t u r e  between c l o s e l y  r e l a t e d  s p e c i e s .  The 
complete sequence f o r  both chains  i n  t h e  hemoglobins from man, chimp­
an zee,  and g o r i l l a  i s  known. Human and chimpanzee hemoglobins are  
i d e n t i c a l  and d i f f e r  from g o r i l l a  hemoglobin by a s i n g l e  replacement  
in each c ha in .  As taxonomic s e p a r a t i o n  i n c r e a s e s ,  so does t h e  number 
o f  observed d i f f e r e n c e s .  In a d d i t i o n  t o  t he  t h r e e  pr im ate s  l i s t e d  
above,  t h e  sequence o f  t he  a lp ha  chain  o f  t he  rhesus monkey hemoglobin 
i s  a l s o  known. There a re  f o u r  d i f f e r e n c e s  between t h e  a lpha chain  of  
rhesus  monkey hemoglobin and t h a t  o f  human and chimpanzee. A s i m i l a r  
comparison o f  t he  a lpha  chains  o f  rhesus  monkey and g o r i l l a  i n d i c a t e s  
f i v e  d i f f e r e n c e s .  The b e ta  cha ins  from t he  hemoglobins o f  f i v e  
primates  a re  known. Comparisons o f  t h e  a lpha and b e t a  chains  s i m i l a r  
t o  t h o s e  a l r e a d y  mentioned a re  l i s t e d  in Table 2.  Within the  o r d e r  of
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7Table 2
Comparison o f  a lp h a  and b e t a  chains  
o f  some p r im a te  hemoglobins
D i f f e r e n c e s
Groups Compared a jj
Man (h om in id ae)  vs .  chimpanzee ( p o n g i d a e )  0 0
Man (ho m in id ae )  vs .  g o r i l l a  ( p o n g i d a e )  1 1
Hominoidae ( 3 )  vs.  s p i d e r  monkey ( c e b o i d a e )
Hominoidae ( 3 )  vs.  rh es us  monkey ( c e r c o p i t h e c o i d a e )  4 
Ceboidea ( 1 )  vs.  Cerco piun ec oida e  ( 1 )
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8p r i m a t e s ,  t h e n ,  as many as 12 amino a c i d  repla cem en t  d i f f e r e n c e s  
in hemoglobin have been no ted  between two s p e c i e s  (man vers us  
rh es us  monkey).
Hemoglobin s t r u c t u r e  can vary w i t h i n  a s i n g l e  s p e c i e s .  In 
human hemoglobins t h e r e  a r e  d i s t i n c t  d i f f e r e n c e s  w i t h i n  t h e  s p e c i e s .  
Human hemoglobin S i s  perhaps  t h e  b e s t  known example o f  t h i s  v a r ­
i a t i o n .  Here t h e  "normal" g l u ta m i c  a c i d  a t  p o s i t i o n  #6 i s  r e p l a c e d  
by v a l i n e .  Thi s  i s  a s p e c i a l  case  which a p p a r e n t l y  became e s t a b l i s h e d  
in A f r i c a  due t o  t h e  r e s i s t a n c e  t o  t h e  m a l a r i a l  p a r a s i t e  c o n f e r r e d  
upon t h e  h e te r o z y g o u s  i n d i v i d u a l .  There a r e  many o t h e r  a t y p i c a l  
hemoglobins t h a t  do n o t  seem t o  be a s s o c i a t e d  w i t h  any d i s t i n c t  
advantage o r  p a t h o l o g y .  The 1969 A t l a s  o f  P r o t e i n  Sequence and 
S t r u c t u r e  ( D a y h o f f ,  1 9 6 9 )  l i s t s  101 amino a c i d  repl ace me nts  in 
human hemoglobin.  For  t h e  most p a r t ,  t h e  r ep la cem en ts  a r e  l i m i t e d  
t o  s i n g l e  s u b s t i t u t i o n s  bu t  a few examples o f  more than one r e ­
placement have been ob se rve d.  In hemoglobin C Harlem t h e r e  are  
two re pl a c e m e n ts  in t h e  b e ta  c h a i n ,  and in  hemoglobin X t h e r e  i s  
one r ep l a ce m e n t  i n  t h e  a lpha chain  and one repla cem en t  i n  t h e  b e t a  
c h a in .
In a d d i t i o n  t o  r e p l a c e m e n ts ,  d e l e t i o n s  have a l s o  been found.
In hemoglobin F r e i b u r g  t h e  v a l i n e  a t  p o s i t i o n  #23 in  t h e  normal 
b e t a  ch a in  has been d e l e t e d  and in hemoglobin K o e l l i k e r , t h e  a r ­
g i n i n e  p r e s e n t  a t  p o s i t i o n  #141 in  t h e  normal a lp ha  cha in  has been 
d e l e t e d .  Hemoglobin Gun Hi l l  i s  an example o f  a hemoglobin in 
which a d e l e t i o n  o f  s e v e r a l  amino a c i d s  has o c c u r r e d  a t  p o s i t i o n s
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9# 9 1 - 9 5  o f  t he  norms! b e t a  c ha in .
According t o  Sochard ( 1 9 6 8 )  t en  v a r i a n t  cases were found in  
a s tu d y  o f  hemoglobins of  8 , 0 0 0  Europeans,  about  1 :1 0 0 0 .  In a sim­
i l a r  s tu dy  o f  3 0 0 , 0 0 0  J a p a n e s e ,  only 26 abnormal case s  were found,  
o r  about  1 : 1 0 , 0 0 0 .  The European c o n t i n e n t  has been s u b j e c t e d  t o  
s u c c e s s i v e  invas ion s  by many d i f f e r e n t  r a c e s ,  whi le  t h e  i s l a n d s  of  
Japan have been i s o l a t e d  and i n s u l a t e d  from such g e n e t i c  d i v e r s i t y .
The observed number o f  v a r i a n t s  must r e p r e s e n t  a minimum number s i n c e  
most o f  them have been d e t e c t e d  by d i f f e r e n c e s  in  e l e c t r o p h o r e t i c  
m i g r a t i o n .  As Vogel ( 1 9 6 9 )  n o t e d ,  82 out  o f  91 amino a c id  r e p l a c e ­
ments observed in a ,  $ ,  y» and 6 chains  i nv ol ve d amino a c id  p a i r s  
with d i f f e r e n t  cha rge s .  Since  15 o f  t h e  p r o t e i n  amino a c id s  a r e  n e u tr a l  
and only 3 are  b a s i c  and 2 a c i d i c  t h e r e  i s  t he  e x p e c t a t i o n  t h a t  many 
more replacements do e x i s t ,  b u t  s i n c e  t h e y  do not  in v o lv e  d i f f e r e n c e s  
in charge  they are  not  d e t e c t e d  by e l e c t r o p h o r e s i s .
The appearance of  o c c a s i o n a l  v a r i a n t s  o r  mutants  i s ,  o f  c o u rs e ,  
c o n s i s t e n t  w i t h ,  and i nde ed  e s s e n t i a l  t o ,  t h e  general  t h e o r y  o f  
e v o l u t i o n .  A change must e x i s t  b e fo r e  i t  can become f i x e d  in  a 
p o p u l a t io n  or  s p e c i e s .  The p e r s i s t e n c e  o f  a given change i s  t h e  
r e s u l t  o f  the  sum o f  a l l  t h e  i n t e r a c t i o n s  between t he  t o t a l  molecule 
and i t s  environment,  not  only  a t  t h e  c e l l u l a r  and org anis mic  l ev e l  
bu t  a l s o  a t  the  l e v e l  o f  t h a t  or ga ni sm 's  e c o l o g i c a l  n i c h e .  There 
i s  th en  a wel l - fou nde d e x p e c t a t i o n  f o r  t h e  appearance o f  o cc asi onal  
v a r i a n t s  o f  t h a t  p r o t e i n  pr imary s t r u c t u r e  which i s  t y p i c a l  o f  the  
taxonomic group under c o n s i d e r a t i o n .  The hemoglobin v a r i a n t s  t h a t
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a re  found may be taken  to  be ex c ep t io n a l  t h e n ,  and not  t y p i c a l  o f  
t h e  s p e c i e s .
Myoglobin
While cytochrome c and hemoglobin have been t he  o b j e c t  o f  e x t e n s i v e  
s t u d y ,  t h e  o t h e r  major  heme p r o t e i n ,  myoglobin,  has r e c e iv e d  l e s s  a t ­
t e n t i o n  in  s p i t e  o f  t h e  f a c t  t h a t  both t he  t h re e -d i m e n s io n a l  s t r u c t u r e  
and the  pr imary s t r u c t u r e  have been e s t a b l i s h e d  f o r  t h e  myoglobin of  
t h e  sperm whale.
The complete s t r u c t u r e  o f  t h e  myoglobins o f  sperm whal e ,  h a r b o r  
s e a l ,  p o r p o i s e ,  and horse  i s  known, and the  sequence o f  human myoglobin 
has been almost  completely  determined.  The p a r t i a l  sequence o f  myoglobin 
from humpback whale and cow has been determined.
Sperm Whale -  (Physeter eatodon)
Edmundson and Hirs  ( 1 9 6 2 ,  a , b , c )  and Edmundson ( 1 9 6 3 ,  1965)  
e s t a b l i s h e d  t he  pr imary s t r u c t u r e  o f  sperm whale myoglobin.  Column 
chromatography of  t h e  t r y p t i c  pe p t i d e s  and t he  chymotrypt ic  pep­
t i d e s  was t h e  b a s i c  approach. Se qu e nt ia l  Edman de gr a da t io n  p r o ­
vided t h e  sequence in  each p e p t i d e .  Overlapping p e p t i d e s ,  p e p t i d e s  
c o n t a i n i n g  t he  amino terminal  sequence o f  one p e p t i d e  and t he  c a r ­
boxyl te r m in a l  sequence o f  a n o t h e r ,  were o b t a i n e d  as a r e s u l t  o f  t h e  
use o f  t h e  two d i f f e r e n t  enzymes.
Harbor Seal - (Phoaa v itu lin a  conoolor) and Porp ois e  -  ( Phoaaena 
phocaena)
Bradshaw and Gurd ( 1 9 6 9 )  pu b l is h e d  t h e  complete sequence f o r  both 
o f  t h e s e  s p e c i e s  in a s e r i e s  o f  f i v e  pap ers .  Again t h e  i n i t i a l
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ns e p a r a t i o n  o f  the  p e p t i d e s  was performed by means of  column chromato­
graphy with  f i n a l  p u r i f i c a t i o n  by e l e c t r o p h o r e s i s  o r  p a p e r  chrom­
atography as r e q u i r e d .  There a re  t w e n t y - f i v e  amino a c i d  d i f f e r e n c e s  
between sperm whale myoglobin and ha rb or  se al  myoglobin.  F i f t e e n  
d i f f e r e n c e s  a re  noted between t h e  myoglobins o f  t h e  sperm whale 
and t h e  p o r pois e .  Comparison o f  ha rb or  se al  myoglobin w i t h  p o r p o is e  
myoglobin shows t h a t  they d i f f e r  by t h i r t e e n  amino a c id  r ep la cem en ts .
Horse
Dautrevaux e t  a l .  ( 1 9 6 9 )  e s t a b l i s h e d  t h e  pr imary s t r u c t u r e  of  
horse  myoglobin.  Comparison of  horse  myoglobin with myoglobin of  
th e  sperm whale shows n i n e t e e n  d i f f e r e n c e s .
Human
H i l l  e t  a l .  ( 1 9 6 9 )  have determined t he  major  p o r t i o n  o f  t h e  
sequence o f  human myoglobin.  The p o r t i o n  remaining i s  no t  e n t i r e l y  
unknown b u t  t h e  au thors  were not  able  t o  determine a few s h o r t  s e ­
quences in  a t o t a l l y  unambiguous f a s h i o n .  There i s  a d e l e t i o n  in 
human myoglobin corresp onding  t o  p o s i t i o n  #9 i n  t h e  o t h e r  myoglobins 
so t h a t  human myoglobin p os s es s e s  152 r e s i d u e s  r a t h e r  than t h e  153 
found in t h e  o t h e r  s p e c i e s .
P a r t i a l  sequences o f  myoglobins o f  o t h e r  s p e c i e s  have been r e p o r t e d .
Humpback Whale -  (Megaptera novaeangliae)
Edman and Begg ( 1 9 6 7 )  r e p o r t e d  t h e  f i r s t  s i x t y  r e s i d u e s  ( f rom 
t he  amino t e m r h u s )  o f  humpback whale myoglobin.  There a re  s i x  
d i f f e r e n c e s  between t he  myoglobins o f  t he  sperm whale and t h a t  of  
t he  humpback whale. The sequence was determined by means of  t h e
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" s e q u e n a to r "  developed by Edman and Begg.
Bovine
The p a r t i a l  sequence o f  myoglobin o f  bovine  o r i g i n  has r e ­
c e n t l y  been p u b l i s h e d  by Dautrevaux e t  a l . ( 1 9 6 9 ) .  The pep­
t i d e  sequences  m is s in g a re  in l a r g e  p a r t  t h o s e  o f  t h e  "core"  en­
c o u n te r e d  by Edmundson and Hirs  ( 1 9 6 2 b ) .  Column chromatography 
pr o v id e d  t h e  b a s i c  s e p a r a t i o n  o f  t h e  p e p t i d e  m i x t u r e .
O th e r  Spec ies
S t o c k e l l  ( 1 9 6 1 )  compared t h e  " f i n g e r p r i n t s "  o f  t h e  s o l u b l e  pep­
t i d e s  o f  t r y p t i c  d i g e s t s  of  myoglobins o f  sperm w h a l e ,  h o r s e ,  h a r b o r  
s e a l ,  p o r p o i s e ,  s e i  whale ,  gentoo p e n g u i n ,  and t o r t o i s e .  The c o n c l u s i o n s  
drawn were based upon pe p t i d e  s p o t  p o s i t i o n  and r e a c t i o n  t o  s p e c i f i c  
c o l o r  r e a g e n t s  f o r  some of  t h e  amino a c i d s .  From t h e  va nta ge  p o i n t  o f  
some t e n  y e a r s  l a t e r ,  t h i s  work appe ars  a lm os t  i n c o n s e q u e n t i a l ,  b u t  i t  
d i d  h e lp  t o  i n d i c a t e  t h a t  t he  f i n g e r p r i n t  method c oul d  be of  
value  i n  comparing some p r o t e i n s  o t h e r  th an  hemoglobin.
Je g o ro v  e t  a l . ( 1 9 6 5 )  used a m o d i f i c a t i o n  o f  t h e  f i n g e r p r i n t i n g  
method f o r  a comparat ive  s tu dy  o f  t h e  pr imary s t r u c t u r e  o f  myo­
g l o b in  from two s p e c i e s  o f  monkey ( Macaaus rhesus and Maoaous 
cynnamolgus), h o r s e ,  d o l p h in ,  and sperm whal e .  The p e p t i d e  maps o f  
t h e  monkey myoglobins were ju dg ed  t o  be  i d e n t i c a l .  The number o f  
rep la ce m e nt s  a r e  i n d i c a t e d ,  a l t ho ug h t h e  amino a c i d  a n a l y s e s  w er e,  
in most c a s e s ,  q u a l i t a t i v e .
S t a te m e n t  o f  t h e  Problem
I t  i s  e v i d e n t  t h a t  t h e r e  i s  ge ne ra l  c or r e s po nd en c e  between t h e
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number o f  d i f f e r e n c e s  between homologous p r o t e i n s  and t h e i r  taxonomic 
s e p a r a t i o n .  A q u e s t i o n  o f  i n t e r e s t  i s  whet he r  co n v e n t i o n al  d i f f e r e n c e s  
between t a x a  ( g e n e r a  w i t h i n  a f a m i l y ,  f a m i l i e s  w i t h i n  a s u p e r f a m i l y ,  
o r  o r d e r ,  e t c . )  may n o t  c o r r e s p o n d  t o  a more o r  l e s s  c o n s t a n t  number 
o f  amino a c i d  re pl a c e m e n ts  i n  homologous p r o t e i n s .  However, evidenc e 
a l r e a d y  a t  hand shows t h a t  d i f f e r e n t  p r o t e i n s  behave d i f f e r e n t l y  in  t h i s  
r e g a r d .  Thus,  t h e  pr im a ry  s t r u c t u r e  o f  cytochrome c e x h i b i t s  one d i f ­
f e r e n c e  between man and r h e s u s  monkey, whi le  t h e  b e t a  ch ain  o f  hemoglobin 
e x h i b i t s  e i g h t  d i f f e r e n c e s  between man and t he  rhesus  monkey. This 
r e p r e s e n t s  1 change i n  104 r e s i d u e s  f o r  cytochrome c o r  .01 changes 
p e r  r e s i d u e ,  4 changes i n  152 r e s i d u e s  o r  . 0 2 6  changes p e r  r e s i d u e  f o r  
t h e  a lp h a  ch ain  o f  hemog lo bin ,  and 8 changes in  146 r e s i d u e s  f o r  t h e  
b e t a  c h a in  o f  hemoglobin,  o r  . 0 5  changes p e r  r e s i d u e .  This  s u g g e s t s  
t h a t  even though cytochrome c and hemoglobin a re  both r e s p i r a t o r y  p r o t e i n s ,  
t h e r e  a r e  d i f f e r e n t  c o n s t r a i n t s  upon s u b s t i t u t i o n s  i n  t h e  primary s t r u c t u r e  
o f  t h e s e  two p r o t e i n s .
The deg ree  o f  c o n s t r a i n t  on myoglobin i s  unknown s i n c e  t h e r e  i s  
l i t t l e  i n f o r m a t i o n  a v a i l a b l e  on i t s  pr imary s t r u c t u r e  and t h i s  makes i t  
an a t t r a c t i v e  s u b j e c t  f o r  s t u d y .  The molecule i s (cSb co m plic a te d  than 
hemoglobin,  s i n c e  i t  i s  a monomer w i t h  a m o le c u la r  w e i g h t  o f  about  1 8 , 0 0 0 ,  
In a d d i t i o n ,  h i g h l y  p u r i f i e d  p r e p a r a t i o n s  can be o b t a i n e d  with  r e l a t i v e  
e a s e  us in g c h r om a to gr a ph ic  p r o c e d u r e s .
This  s t u d y  i s  c on cer ne d w i t h  t h e  myoglobins o f  s i x  members o f  the  
p i n n i p e d i a ,  a group o f  mammals l i t t l e  s t u d i e d .  One p r a c t i c a l  advantage 
t o  s t u d y i n g  t h e  p i n n i p e d i a  i s  t h a t  as m a r i n e ,  and t h e r e f o r e  d i v in g
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mammals t h e i r  s k e l e t a l  muscles are  r i c h  in  myoglobin,  t h e r e b y  p r o ­
v i d in g  a source  o f  mate r ia l  wi th  myoglobin c o n c e n t r a t i o n  c l o s e  t o  
1%. As marine mammals, they are  both a v a i l a b l e  and o f  p a r t i c u l a r  
i n t e r e s t  in Alaska whose marine mammal fauna c o n s t i t u t e s  one o f  i t s  
i m p o r ta n t  re so ur c es ;  indee d,  t he  Bering Sea i s  t h e  r i c h e s t  a r e a  in  t h e  
world  i n  both t h e  sp e ci e s  and numbers o f  marine mammals.
All t h r e e  f a m i l i e s  of t he  p i n n i p e d i a  were s t u d i e d .  This i n c l u d e d  
f o u r  s p e c i e s  of  t h e  family Ph ocidae,  t h r e e  o f  which were from t h e  
Bering Sea and t h e  f o u r t h ,  t h e  Weddell s e a l ,  from t h e  a n t a r c t i c .  The 
wa lru s  as t h e  s o l e  e x t a n t  s p e c i e s  o f  the  Odobenidae r e p r e s e n t e d  t h a t  
fa m i ly .  The t h i r d  family,  t h e  O t a r i i d a e ,  were r e p r e s e n t e d  by t h e  
n o r t h e r n  f u r  s e a l .  The myoglobins from t h e s e  s p e c i e s  pr ovi de d i n ­
t e r e s t i n g  comparisons,  not  only from t he  s t a n d p o i n t  o f  s y s t e m a t i c s ,  
b u t  a l s o  from t h a t  of  geographic  i s o l a t i o n .
F i r s t ,  comparison o f  two g e o g r a p h i c a l l y  d i s t i n c t  su b s p e c i e s  o f  
h a rb o r  se al  was p o s s i b l e .  Our s ub s pe c ie s  was Phoca v i t u l i n a  r i c h a r d i  
from t he  Bering Sea while t h e  myoglobin sequence e s t a b l i s h e d  f o r  h a rb o r  
s e a l  by H a r t z e l l , e t  a l .  ( 1 9 6 9 )  was determined from Phoca v i t u l i n a  
c o n c o lo r  taken o f f  the  Maine c o a s t .  Second,  i t  was p o s s i b l e  t o  com­
pa re  myoglobins from d i f f e r e n t  s p e c i e s  o f  t h e  same fam ily  o c c u r r i n g  
in  t h e  same r e g i o n ,  s in c e  t h e  specimens o f  t h e  h a rb o r  s e a l ,  r ibbon 
s e a l ,  and bearded seal  were a l l  taken in  t h e  Bering Sea.  A t h i r d  
comparison was t h a t  o f  t he  myoglobins o f  g e o g r a p h i c a l l y  i s o l a t e d  
s p e c i e s  from t h e  same family.  The Weddell s e a l  i s  found only in  t h e  
A n t a r c t i c ,  w hi le  Bering Sea phocids  are  l i m i t e d  t o  t h e  n o r th e r n
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hemisphere.  The f o u r t h  comparison p o s s i b l e  was t h a t  of  t he  myoglobins 
o f  t h e  t h r e e  d i s t i n c t  f a m i l i e s  w i t h i n  t h i s  o r d e r .
While t h e  sequences  d e r i v e d  from t h i s  s tudy  are  use ful  f o r  making 
comparisons based upon c u r r e n t  s y s t e m a t i c s ,  th ey  a re  i m po r ta nt  i n  t h e i r  
own r i g h t  in  adding t o  th e  l i m i t e d  body o f  knowledge p r e s e n t l y  a v a i l ­
able  on myoglobins .
The q u e s t i o n  t h i s  r es e a rc h was designed t o  answer may now be 
s t a t e d .  "What i s  t he  degree o f  d i f f e r e n c e  o r  s i m i l a r i t y  seen in  t he  
pr imary s t r u c t u r e  of  t h e  myoglobins o f  f o u r  members of  the  family 
Ph oc id ae ,  and what i s  t he  degree  o f  d i f f e r e n c e  or  s i m i l a r i t y  seen 
in  t h e  pr imary s t r u c t u r e  of  t h e  myoglobins o f  members o f  t h e  t h r e e  
f a m i l i e s  o f  t h e  p i n n ip e d ia ? "
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. EXPERIMENTAL
B i o l o g ic a l  M a te r ia ls
Muscle samples from harbo r  s e a l ,  r ibbon s e a l ,  bearded s e a l ,  and 
f u r  s e a l  were c o l l e c t e d  by Mr. John Burns of  t he  Alaska Department of  
Fish and Game and by Mr. John Baust of  t h i s  I n s t i t u t e  durin g t h e  Alpha 
H e l ix  Bering Sea Expedi t ion o f  March 1968.  The specimens were s h o t ,  
and t h e  s k e l e t a l  muscle samples were taken immediately and fr o z e n .
These m a t e r i a l s  were s ub s eq ue nt ly  brought  t o  t h e  I n s t i t u t e  i n  t h e  
f ro z e n s t a t e ,  and were kept f ro z e n a t  -20°C u n t i l  needed.
The walrus  m a t e r i a l  ( a  s i n g l e  h e a r t )  was c o l l e c t e d  by Mr. Vernon 
Slwooka o f  Gambel, S t .  Lawrence I s l a n d .  The p a r t i a l l y  f roz en  h e a r t  
was s hip pe d by a i r  t o  F a ir ba nk s ,  and immediately t r a n s f e r r e d  t o  a 
f r e e z e r .
The Weddell se al  m a t e r i a l  was c o l l e c t e d  f o r  Dr. Laurence I r v i n g  
du rin g a t r i p  t o  McMurdo Sound in  w i n t e r  o f  1968.  The specimen was 
f r o z e n  and kept  f rozen during i t s  t r a n s f e r  t o  t h e  I n s t i t u t e .
S pe cie s  D e s c r i p t i o n  and Ranges
Nomenclature follows S c h e f f e r  ( 1 9 5 8 ) .
Harbor s e a l  -  Phoca v i t u l i n a  r i c h a r d i . This s u b s p e c i e s  r e p r e s e n t s  
t h e  e a s t e r n  Bering Sea po pu la t io n o f  h a r b o r  s e a l s  which ranges  from 
Herschel  I s l a n d  in the  Mackenzie Bay t o  t h e  e a s t e r n  Bering Se a ,  A l e u t i a n  
I s l a n d s ,  and southward along t h e  c o a s t  t o  n o r t h e r n  Baja  C a l i f o r n i a  and 
Mexico. As S c h e f f e r  p o in ts  o u t ,  t h e  source  o f  t h e  specimen determines  
t h e  su b s p e c i e s  c l a s s i f i c a t i o n .
Ribbon s e a l  -  H is t r i o p h o ca  f a s c i a t a . This p i n n ip e d  i n h a b i t a t s  t he
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P a c i f i c - A r c t i c  from P o i n t  Barrow southward t o  t h e  t i p  o f  t h e  Alaskan 
Pe n i n s u l a  and from t h e  Alaskan c o a s t  t o  t h e  c o a s t  o f  S i b e r i a .
Bearded se al  -  Er ig na th us  b a rb a t u s  n a u t i c u s . The p a c i f i c  be a rd e d  
seal  i s  t h e  l a r g e s t  ( 2 0 0 - 3 0 0  kg) phocid  s e a l  t h a t  oc c urs  i n  Alaskan 
w a t e r s .  This s ub s pec ie s  i n h a b i t s  t h e  w a t e r s  o f  t h e  w e s t e r n  A r c t i c  and 
th e  s u b a r c t i c  P a c i f i c  Ocean.
Weddell seal  -  Leptonychotes  weddel1i . This s e a l  i s  an a n t a r c t i c  
s p e c i e s  and i s  c i r c u m p o l a r  in range.  According t o  S c h e f f e r ,  t h e r e  a r e  
only oc c a s i o n a l  r e p o r t s  o f  t h i s  s p e c i e s  n o r t h  o f  70° S l a t i t u d e .
Walrus -  Odobenus rosmarus d i v e r g e n s . The p a c i f i c  s u b s p e c i e s  
i n h a b i t s  t h e  Bering and Chukchi Sea a t  t h e  edge o f  t h e  p o l a r  i c e .  I t s  
most s o u t h e r n  range i s  c o n s i d e r e d  t o  be a bo ut  58° N i n  t h e  B e rin g  Sea.
Northern  f u r  s e a l  -  C a l l o r h i n u s  u r s i n u s . The n o r t h e r n  p a c i f i c  
e a re d  s e a l  ranges from t h e  P r i b i l o f  I s l a n d s ,  Alaska w e s t  t o  Robben 
I s l a n d ,  U.S.S.R.  and S a k h a l i n ,  U.S.S.R.  In w i n t e r  and s p r i n g ,  t h e  
s p e c i e s  i s  d i s p e r s e d  a c r o s s  t h e  n o r t h e r n  P a c i f i c  Ocean, s o u t h e r n  
Bering S e a ,  Sea of  J a p a n ,  and Sea o f  Okhotsk as f a r  so uth  as t h e
wa te rs  o f f  Honshu, Japan and San Diego,  C a l i f o r n i a .
METHODS
I n t r o d u c t i o n
The e a r l y  proce dure s  f o r  amino a c i d  a n a l y s i s  were g r a v i m e t r i c  
in n a t u r e  and r e q u i r e d  gram q u a n t i t i t i e s  o f  p r o t e i n .  E v e n t u a l l y  
c o l o r i m e t r i c  procedures were developed f o r  s p e c i f i c  amino a c i d s .  The
Sakaguchi c o l o r  r e a g e n t  f o r  a r g i n i n e  and t h e  phenol r e a g e n t  f o r  t y r ­
o s i n e  and t ry p t o p h a n e  a r e  t y p i c a l  p r e s e n t - d a y  s u r v i v o r s  o f  a h o s t  o f
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s p e c i f i c  c o l o r i m e t r i c  methods and r e a g e n t s .
The g e n e r a l  r e a c t i o n  o f  amino a c i d s  w i t h  o x i d i z i n g  ag e nt s  t o  form 
v o l a t i l e  p r o d u c t s  such as ammonia and carbon d i o x i d e ,  l e d  t o  t h e  d e v e l ­
opment o f  manometr ic  methods.  The now c l a s s i c a l  Van Slyke method f o r  
t h e  d e t e r m i n a t i o n  o f  amino n i t r o g e n  i s  based on t h e  r e l e a s e  o f  s t o i c h i o ­
m e t r i c  q u a n t i t i e s  o f  gaseous  n i t r o g e n  produced upon r e a c t i o n  o f  a amino 
a c id s  w i t h  n i t r o u s  a c i d .
M i c r o b i o l o g i c a l  methods f o r  t h e  d e t e r m i n a t i o n  o f  amino a c i d s  in 
a p r o t e i n  h y d r o l y s a t e  were s u r p r i s i n g l y  a c c u r a t e  under  p r o p e r  c o n t r o l  
a n d . p e r m i t t e d  t h e  d e t e r m i n a t i o n  o f  a l l  t h e  amino a c id s  p r e s e n t  i n  t h e  
a c i d  h y d r o l y s a t e  o f  m i l l i g r a m  q u a n t i t i e s  o f  p r o t e i n  ( S n e l l ,  1 9 4 5 ) .  
E v e n t u a l l y  i s o t o p e  d i l u t i o n  was added t o  t h e  l i s t  o f  p r oce dur e s  a v a i l ­
a b le  t o  t h e  p r o t e i n  c h e m i s t .  By t h e  t ime o f  t h e  appearan ce o f  chromato­
g r a p h i c  p r o c e d u r e s ,  many l a b o r a t o r i e s  were engaged in  t h e  amino a c i d  
a n a l y s e s  o f  p r o t e i n s  by a combinat ion o f  methods and t h e  l i s t  o f  an­
a ly z e d p r o t e i n s  was b e g in ni ng  t o  grow ( T r i s t r a m ,  1 9 4 9 ) .
The a dv e nt  o f  a s i n g l e  method f o r  t h e  s i m u l ta n e o u s  s e p a r a t i o n  and 
e s t i m a t i o n  o f  t h e  amino a c i d s  in  t h e  a c i d  h y d r o l y s i s  o f  a few m i l l i ­
grams o f  p r o t e i n  (Moore & S t e i n ,  195 1)  ushe red i n  a new e r a  f o r  t h e  
f i e l d  o f  p r o t e i n  c h e m i s tr y .  The o r i g i n a l  manual pr oc e dur e  r e q u i r e d  
two and o n e - h a l f  days f o r  a s i n g l e  a n a l y s i s .  The automated p r oc e du r e s  
(Moore e t  a l . ,  1958;  Spackman e t  a l . ,  1 9 5 8 )  reduced t h i s  t ime t o  one 
day. The m i c r o b i o l o g i c a l ,  g r a v i m e t r i c ,  c o l o r i m e t r i c  methods had r e ­
q u i r e d ,  i n  many c a s e s ,  t h e  f u l l  t ime o f  t h r e e  t o  f o u r  c hem is ts  f o r  a 
y e a r ;  b u t  now i t  was p o s s i b l e  t o  complete a c om p o s i t i o n a l  a n a l y s i s  in
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a m a t t e r  o f  days.
With such an a n a l y t i c a l  t o o l  capab le  o f  pr o v id i n g  use ful  data  
a t  t h e  l e v e l  o f  .0 2  micromole t o  . 2  micromole,  t h e  method o f  f i n g e r ­
p r i n t i n g  i s  p o s s i b l e .  This r e d u c t i o n  in  t ime and e f f o r t  t o  t h e  p r e s e n t  
day l e v e l  perm its  t he  kind o f  work pursued h e re .  The ref in em en t  o f  t he  
mapping tec hn iq ues  based on amino a c id  a n a l y s i s  plus t h e  f i n a l  ana lyses  
o f  t h e  p e p t i d e s  e l u t e d  from twenty  o r  so maps, r e q u i r e d  hundreds o f  
a n a l y s e s .  This number o f  a n a ly s e s  i s  p o s s i b l e  only because o f  the  
p r e s e n t  s t a t e  o f  t h e  t e c h n i q u e .
The p e p t i d e  mapping proced ur e  employed during  t h i s  s tu dy  i s  an 
a d a p t a t i o n  o f  t h e  b a s i c  " f i n g e r p r i n t i n g "  t e c h n i q u e  o f  Ingram ( 1 9 5 8 ) .  
Ingram's method combines pa pe r  e l e c t r o p h o r e s i s  and paper  chromatography 
f o r  t h e  s e p a r a t i o n  o f  t h e  m ix tu re  o f  t h e  p e p t i d e s  produced by t h e  d i g ­
e s t i o n  o f  a p r o t e i n  by t he  pr o te 'o T ^t ic  enzyme t r y p s i n .  In t h i s  s t u d y ,  
an aluminum h o r i z o n t a l  w a t e r  co oled f l a t  p l a t e  high vol ta g e  e l e c t r o ­
p h o r e s i s  c e l l  was used. This p e r m i t t e d  t h e  use o f  v o l ta g e  g r a d i e n t s  
up t o  150 v/cm t o  be used t o  e f f e c t  t h e  s e p a r a t i o n  in t h e  e l e c t r o p h o r e t i c  
mode.
The amino a c i d  an a ly s e s  were performed with  an autom ati c  amino 
a c i d  a n a l y z e r  b u i l t  from t h e  b a s i c  design o f  Spackman e t  a l .  ( 1 9 5 8 ) .
The p r i n c i p a l  m o d i f i c a t i o n s  i n c o r p o r a t e d  were t h e  use o f  t h e  s i n g l e  
column g r a d i e n t  system o f  Piez  and Morris ( 1 9 6 0 )  and t he  use o f  the  
Technicon r o l l e r  type  pump, which segments t h e  column e f f l u e n t  a f t e r  
i n j e c t i o n  of  ninhy drin  r e a g e n t ^  K The se gm entat ion o f  t h e  e f f l u e n t
^  The n i n h y d r i n ,  h y d r i n d a n t i n  and methyl c e l l o s o l v e  used f o r  p r e p a r a t i o n
o f  t h e  n i nhydr in  r e a g e n t  were o b t a i n e d  from P i e r c e  Chemical Company.
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stream  with  d i s c r e t e  n i t r o g e n  bubbles  p r e s e r v e s  t h e  i n t e g r i t y  o f  t he  
amino a c i d  peaks as they a re  e l u t e d  from t h e  ion exchange column. The 
segmented s t re a m  passes i n t o  a g l a s s  co i l  immersed in  ba th  o i l  wax a t  
95°C. The r e a c t i o n  mixture emerges from t h i s  c o i l  some 12- 15  minutes 
l a t e r .  By t h i s  t ime the  r e a c t i o n  has proceeded t o  v i r t u a l  complet ion.  
The r e a c t i o n  v e s se l  e f f l u e n t  pas ses  through a s h o r t  T which vents the  
e n tr a p p ed  segmentat ion bubble.  The debubbled l i q u i d  passes  c o n t i n u o u s ly  
through c o l o r i m e t e r s  which are  p e r i o d i c a l l y  monit ore d in an autom ati c  
f a s h i o n  t o  produce a continuous  re c o r d  by way o f  a t h r e e  p o i n t  r e c o r d e r .  
This continuous  re c or d o f  the  o p t i c a l  d e n s i t y  o f  t h e  r e a c t i o n  s t re a m  i s  
t h e  raw d a ta  which provides  the  i n fo r m a t io n  t h e  p e p t i d e  composi tions 
a r e  based upon. Each a n a l y s i s  r e q u i r e d  s i x  and a h a l f  hours .  Five 
s e l f - c o n t a i n e d  chromotographic  systems were programmed by s e q u e n t i a l  
t i m e r s  t o  p r ovid e  cont inuous  o p e r a t i o n .
The d a ta  was normally grouped on t h e  b a s i s  o f  a n in hydri n  batch 
o f  n i n e t e e n  l i t e r s ,  ( 7 0 - 8 0  a n a l y s e s ) .  E l u t i o n  b u f f e r s  were made up 
in  q u a n t i t i e s  s u f f i c i e n t  t o  pr ev e nt  any need f o r  change dur ing t he  
consumption o f  a given ba tc h o f  n i nh yd ri n  r e a g e n t .  Color  y i e l d  f a c t o r s  
were newly determined f o r  each o f  t h e  re a g e n t  u n i t s .
S e p a r a t i o n  o f  Myoglobin
Myoglobin was e x t r a c t e d  from muscle and f u r t h e r  p u r i f i e d  by t h e  
procedu re  given below.
Twenty-f ive  grams o f  f rozen t i s s u e  were a llowed t o  thaw,  minced 
wit h  s c i s s o r s ,  and e x t r a c t e d  tw ic e  wit h  an equal volume o f  w a t e r  f o r  
two minutes  in a V i r t i s  homogenizer.  The r e s u l t i n g  su s pe ns io ns  were
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c e n t r i f u g e d  and t h e  s u p e r n a t a n t  was s t o r e d  frozen u n t i l  needed.
Chromatographic p u r i f i c a t i o n s  u t i l i z e d  both d i e t h y l  ami noethyl  -
c e l l u l o s e  ( D E A E ) ^  and SE S e p h a d e x ^ . DEAE c e l l u l o s e  chromatography
(41was c a r r i e d  ou t  with a column 2 . 5  cm x 30 cm i n  .001 M T r i s v ' b u f f e r ,  
us ing 4 psi a i r  p r e s s u r e  t o  pack t he  column. A f t e r  o v e r n i g h t  e q u i l ­
i b r a t i o n  o f  t h e  column, t h e  u n t r e a t e d  e x t r a c t  was added d i r e c t l y  t o  
t h e  s u r f a c e  o f  t h e  a bs or be nt  bed.
Ten to  twenty m i l l i l i t e r s  o f  e x t r a c t  were a p p l i e d  t o  t h e  column.
The column was then e l u t e d  with t h e  e q u i l i b r a t i n g  b u f f e r  a t  t h e  r a t e  
o f  2 0- 25  ml an hour .  The cytochrome c was no t  r e t a i n e d  by t h e  DEAE 
c e l l u l o s e  and moved o f f  t h e  column q u i c k l y .  The myoglobin f r a c t i o n  
was only s l i g h t l y  r e t a r d e d  and was not  completely  r e s o l v e d  from t he  
cytochrome c.  This di d  r e s u l t  in t h e  p a r t i a l  r e s o l u t i o n  o f  some o f  
t h e  cytochrome c p r e s e n t  in  t he  e x t r a c t .  While t he  amount o f  c y t o ­
chrome c r e c o v e r a b l e  i n  t h i s  fas hion was u s u a l l y  l e s s  than a m i l l i ­
gram, i t  showed t h a t  some cytochrome c i s  e x t r a c t e d  under  t h e s e  con­
d i t i o n s  s i n c e  t h i s  p r o t e i n ' s  molec ular  weight  was not  s u f f i c i e n t l y  
d i f f e r e n t  t o  pe rm it  i t s  r e s o l u t i o n  from myoglobin under normal c o n d i t i o n s .  
This means t h a t  myoglobins prepared by means o f  gel f i l t r a t i o n  alone  
w i l l  be contaminated with cytochrome c.
The c o n te n t s  o f  t h e  tub es  c o n t a i n i n g  t he  myoglobin f r a c t i o n  : 
were po ol ed ,  and t h e  r e s u l t i n g  s o l u t i o n  a p p l i e d  t o  an SE Sephadex
^  A v a i l a b l e  as Cel lex-D from BIO-RAD L a b o r a t o r i e s ,  Richmond, C a l i f .
(31v ' A v a i la b l e  from Pharmacia ,  I n c . ,  800 Centennial  Ave. P i s ca t a w a y ,  N.J .  
(41' ' All chemicals  used were Baker Analyzed Reagent Grade un l e s s  o t h er w i s e  
s p e c i f i e d .
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column a f t e r  t h e  method o f  Hapner e t  a l .  ( 1 9 6 8 ) .  The s o l u t i o n  was 
a p p l i e d  t o  a 3 cm x 30 cm SE Sephadex column e q u i l i b r a t e d  w i t h  .01 M 
phosphate  b u f f e r  a t  pH 6 . 8 .  The column was washed w i t h  200 ml o f  .01 
M b u f f e r  t o  remove a c o l o r l e s s  p r o t e i n .  The myoglobin was then e l u t e d  
wi th  .01 M phos phate  b u f f e r  a t  pH 7 . 4 .  The cytochrome c remaining on 
t h e  column was r e a d i l y  e l u t e d  with  . 0 2  M disodium p hos pha te  b u f f e r .
As ju dged  by s p e c t r a l  r a t i o s ,  t h i s  m a t e r i a l  was 90% pur e  cytochrome c. 
The only ment ion o f  cytochrome c as a con tam ina nt  in  chromatographed 
myoglobin p r e p a r a t i o n s  i s  found in  Hapner e t  a l .  ( 1 9 6 8 ) .  This  i s  
s i g n i f i c a n t ,  s i n c e  some i n v e s t i g a t o r s  p r e p a r e  myoglobin by a s i n g l e  
pass  th rough a Sephadex G-75 column. E x p e r i m e n t a l l y ,  a myoglobin 
p r e p a r a t i o n  o b t a i n e d  by such Sephadex t r e a t m e n t  was seen t o  p o s s es s  
cytochrome c when examined by an SE-Sephadex column.
Myoglobin p r e p a r e d  by the  method o u t l i n e d  above i s  now a t  l e a s t  
95% homogenous by gel  e l e c t r o p h o r e s i s  a t  pH 8 . 5  and by s p e c t r a l  r a t i o s .  
In g e n e r a l ,  such a l e v e l  o f  p u r i t y  i s  a deq uat e  f o r  t h e  work d e s c r i b e d  
h e r e ,  s i n c e  a 5% i m p u r i t y  should no t  i n t e r f e r e  w i t h  t h e  s u b s e q u e n t  
d e t e r m i n a t i o n s .
P r e p a r a t i o n  o f  Globin from Myoglobin
The a c e t o n e - i n s o l u b l e  phosphate  s a l t  was removed from t h e  myo-
(51g l o b i n  s o l u t i o n  by pa ssa ge  through a column o f  Bi o-g e l  P - 2 V ' ,  u s in g  
w a t e r  as an e l u e n t .  Potassium f e r r i c y a n i d e  was added t o  t h e  sample 
as a marker  t o  i n d i c a t e  t h e  degree  o f  r e s o l u t i o n  from t h e  s a l t .  The 
d e s a l t e d  myoglobin was added t o  an a c i d - a c e t o n e  s o l u t i o n  a t  4°C
^  A v a i l a b l e  from BIO-RAD l a b o r a t o r i e s ,  Richmond, C a l i f o r n i a .
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( . 2  ml conc.  HC1 in  100 ml a c e t o n e ) .  The r e s u l t i n g  g l o b in  was p e r ­
m i t t e d  t o  s e t t l e  o u t .  A f t e r  d e c a n t a t i o n ,  c e n t r i f u g a t i o n ,  and washing
w i t h  p l a i n  a c et one  a t  4°C,  i t  was c e n t r i f u g e d  a g a in .  A f t e r  a second 
w a s h i n g ,  t h e  g l o b in  was r e c o v e r e d  as a f i n e  powder upon e v a p o r a t i o n  
o f  t h e  a c e t o n e .  This  method p r o v i d e s  f o r  r a p i d  p r e p a r a t i o n  o f  g l o b in
w i t h  a normal y i e l d  o f  ab out  f i f t y  t o  one hundred m i l l i g r a m s .  Based
on t h e  measured myoglobin c o n t e n t  o f  t h e  s e a l  m usc le ,  t h i s  i s  an o v e r ­
a l l  y i e l d  o f  ab out  10%. Y i e ld s  could  be improved by a d o p t i n g  an 
a c c e p t a b l e  method o f  c o n c e n t r a t i n g  t h e  myoglobin s o l u t i o n s  t o  min­
imize  l o s s e s  d ur in g  t h e  removal o f  t h e  heme group.
E x p l o r a t o r y  Work w i t h  Cyanogen Bromide Cleavage
Cyanogen bromide w i l l  c l e a v e  p r o t e i n s  a t  t h o s e  p e p t i d e  bonds 
whose carboxyl  group i s  c o n t r i b u t e d  by m et h io nin e  (Gro ss  & Witkop,  
1 9 6 2 ) .  Edmundson ( 1 9 6 3 )  used t h i s  chemical  c le a v a g e  t o  r e s o l v e  t h e  
i n s o l u b l e  c or e  problem i n  sperm whale  myoglobin.  Black and Leaf  
( 1 9 6 5 )  r e p o r t e d  t h e  s u c c e s s f u l  c l e a v a g e  o f  horse  myoglobin f ol l ow ed  
by s e p a r a t i o n  o f  t h e  p e p t i d e s  u s in g  a f i n g e r p r i n t i n g  t e c h n i q u e  on 
p a p e r .  Si nc e  both sperm whale  myoglobin and h a r b o r  s e a l  myoglobin 
c o n t a i n  two m eth io nin e  r e s i d u e s  a t  i d e n t i c a l  p o s i t i o n s ,  i t  was t hought  
t h a t  cyanogen bromide c l e a v a g e  would be o f  m a t e r i a l  v a l u e .  The 
r a t i o n a l e  being t h a t  each o f  t h e  t h r e e  l a r g e  p e p t i d e s  co uld  be 
i s o l a t e d  as an i n t e r m e d i a t e  in  t h e  d e g r a d a t i o n  o f  t h e  p r o t e i n  t o  
r e c o g n i z a b l e  t r y p t i c  p e p t i d e s .  Such a s t e p  would p r ov id e  a f i r m  
b a s i s  f o r  t h e  ass ign ment  o f  p e p t i d e s .
The myoglobins o f  both sperm whale  and h a r b o r  s e a l  were
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s u b j e c t e d  t o  cyanogen bromide c l e a v a g e ,  and t h e  p e p t i d e s  s e p a r a t e d  by 
t he  method o f  Black and Le af ,  ( 1 9 6 5 ) .  Cleavage o f  t h e  g l o b in s  was 
achiev ed  and t h r e e  p e p t i d e  s p o t s  were i d e n t i f i e d  on t h e  maps. One 
o f  t h e s e  s p o t s  proved t o  be t h e  carboxyl  t e r m i n a l  p e p t i d e ,  and t he
a n a ly s e s  were q u i t e  c l e a r  (Ta ble  3 ) .
However, t h e  p e p t i d e  mapping o f  t h e  t r y p t i c  d i g e s t  o f  t h e  i s o ­
l a t e d  f ragment pr ovi de d only marginal  r e s o l u t i o n .  The p e p t i d e  map
was c l e a r  enough bu t  t h e  amounts o f  p e p t i d e  r ec ove r ed  f o r  a n a l y s i s  
was l e s s  th an  s a t i s f a c t o r y .  Some o f  t h e  p e p t i d e s  were a t  l e v e l s  
s u f f i c i e n t  f o r  a n a l y s i s ,  whi le  o t h e r s  were n o t .  In a d d i t i o n ,  the  
remaining two p e p t i d e s ,  one o f  55 r e s i d u e s ,  t h e  o t h e r  o f  72 p r e s e n t e d  
problems both from t h e  s t a n d p o i n t  o f  r e c o g n i t i o n  and a n a l y s i s .  The 
e v a l u a t i o n  o f  t h e  method i n d i c a t e d  t h a t  t h e  p r o p e r  c leava ge  did  o c c u r ,  
bu t  recovery problems were o f  such a n a t u r e  t h a t  t h e  method had l i t t l e  
hope o f  s u c c e s s .  I t  was t h e r e f o r e  de cid ed  t o  adopt  t h e  t r y p t i c  
c lea va ge  o f  t h e  t o t a l  molecule fol lowed by f i n g e r p r i n t i n g .
T r y p t i c  Hydro ly sis  o f  Globin
This enzyme i s  used e x t e n s i v e l y  t o  c l e a v e  p r o t e i n s  i n t o  a s e t  
o f  component p e p t i d e s .  The e l u c i d a t i o n  o f  t h e  pr imary s t r u c t u r e  o f  
r i b o n u c l e a s e  by Smyth e t  a l . ,  ( 1 9 6 3 )  was t h e  f i r s t  major  s u c c e s s f u l  
use o f  t h i s  enzyme i n  p r o t e i n  sequence i n v e s t i g a t i o n s .
T rypsin  i s  u s u a l l y  t he  f i r s t  c le a va ge  r e a g e n t  employed in 
pr imary s t r u c t u r e  work because i t  i s  q u i t e  s p e c i f i c  f o r  t h o s e  pep­
t i d e  l i n k a g e s  in which l y s i n e  o r  a r g i n i n e  c o n t r i b u t e  t h e  carboxyl 
group.  The commercial a v a i l a b i l i t y  o f  h i g h ly  p u r i f i e d  t r y p s i n
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Table 3
Carboxyl t erm ina l  p e p t i d e  from 
cyanogen bromide cleavage
Sperm whale
exp. r e f .
Asp 2 . 2 7 2
Glu 3.2 9 3
Gly 2 . 0 8 2
Ala 2 .7 5 3
l i e 1 .0 0 1
Leu 2 . 8 8 3
Tyr 1.45 2
Phe .9 4 1
Lys 4 . 2 4 4
Arg 1.1 0 1
Harbor  seal
exp. r e f .
Asp 2 . 1 9 2
Glu 2 . 0 2 2
Gly 2 . 1 5 2
Ala 2 . 7 7 3
H e . 8 3 1
Leu 2 . 6 6 3
Tyr .91 1
Phe 2 . 2 8 2
Lys 3 . 6 8 4
His 1.21 1
Arg 1 . 1 3 1
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p r e p a r a t i o n s  plus  t h e  high degree o f  r e l i a b i l i t y  and reproduc­
i b i l i t y  of  t he  r e s u l t s  o f  t r y p t i c  d i g e s t i o n  are  two f u r t h e r  f a c t o r s  
t h a t  have l ed  t o  t h e  ge neral  ac ce pt an c e  o f  t r y p s i n  as a pr imary 
r e a g e n t  in s tud yi ng p r o t e i n  s t r u c t u r e .
One problem t h a t  has always been a s s o c i a t e d  with  t he  use o f  
t r y p s i n  is  co ntaminat ion with chymotrypsin.  Chymotrypsin c lea ve s  
t h o s e  p e pt id e  bonds in which t he  carboxyl  group i s  c o n t r i b u t e d  by 
such a p o l a r  amino a cid s  as l e u c i n e  and i s o l e u c i n e .  Over t h e  y e a r s ,  
many at t em pt s  have been made t o  e l i m i n a t e  t h i s  a c t i v i t y  from p r e p ­
a r a t i o n s  o f  t r y p s i n  with  r e d u c t io n  in ch ymotrypt ic  a c t i v i t y  t o  l e s s  
than one p e r c e n t .  The p r e p a r a t i o n  used in  t h e  work r e p o r t e d  here  
had a s p e c i f i e d  ch ymotr ypt ic  a c t i v i t y  o f  .24%. This f i g u r e  i s  based 
on an assay with  a s y n t h e t i c  s u b s t r a t e  a c t i v i t y  a g a i n s t  i t s  b i o l o g i c a l  
s u b s t r a t e .
As w i l l  be seen in the  e xp eri me nt al  r e s u l t s ,  t he  t r y p s i n  p r e p a r a ­
t i o n  employed i n  t h i s  work c le av ed  t h e  myoglobin chain  a t  p o i n t s  t h a t  
do n o t  involve  e i t h e r  l y s i n e  o r  a r g i n i n e .  Whether t h i s  c leavage is  
due t o  an i n h e r e n t  a c t i v i t y  i n  t r y p s i n  or  i s  due t o  a ch ymotr ypt ic  
i m pur i ty  i s  i m m at e r i a l .  As Rovery ( 1 9 6 7 )  p o i n t e d  o u t ,  t h e  l i m i t e d  
c r o s s  s p e c i f i c i t y  o f  t h e s e  two enzymes may be ro o te d  in t h e  s im­
i l a r i t i e s  in s t r u c t u r e  o f  t h e  a c t i v e  c e n t e r s  o f  chymotrypsin and 
t r y p s i n .  The f a c t  t h a t  t h e s e  unexpected cle av ag es  d i d  oc c ur  in  a 
r e p r o d u c i b l e  f a s h i o n  a c t u a l l y  proved t o  be a help  r a t h e r  than a 
h i ndra nc e.  At any r a t e ,  t h e s e  " a t y p i c a l "  c lea va ges  do not  d e s t r o y  
t h e  v a l i d i t y  o f  the  use o f  t he  t r y p s i n  p r e p a r a t i o n  as a p e p t i d e
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producing r e a g e n t .
Procedure  f o r  T r y p t i c  H ydr ol ysi s  o f  Globin
The g l o b i n s  were d i g e s t e d  wit h  t r y p s i n ^  a t  an enzyme-sub- 
s t r a t e  we ig ht  r a t i o  o f  1 t o  1 0 0 ,  usin g t h e  f o l l o w i n g  p r o c e d u r e .
F i f t e e n  m i l l i g r a m s  o f  t h e  g l o b in  were su spended i n  1 . 5  ml o f  . 5  M 
ammonium b i c a r b o n a t e  (pH 7 . 8 ) .  To t h i s  s u s p e n s i o n  . 1 5  ml o f  t r y p s i n
s o l u t i o n  ( 2  mg in  2 ml o f  .001 N HC1) was added.  The r e a c t i o n  was
p e r m i t t e d  t o  proceed a t  room t e m p e r a t u r e  ( 2 7 ° C )  i n  a s t o p p e r e d  t e s t  
t u b e .  The pinn ipe d g l o b i n s  were no t  r e a d i l y  s o l u b l e  i n  t h i s  b u f f e r  bu t  
w i t h i n  an hour  a f t e r  t h e  a d d i t i o n  o f  the  t r y p s i n ,  t h e  s o l u t i o n  
became c l e a r .  No subseq ue nt  p r e c i p i t a t i o n  o c c u r r e d .  An a d d i t i o n a l  
. 0 5  ml o f  t h e  t r y p s i n  s o l u t i o n  was added e i g h t e e n  hours  l a t e r .  At 
t h e  end o f  t w e n t y - f o u r  h o u r s ,  t h e  s o l u t i o n  was d i v i d e d  i n t o  t h r e e  
a l i q u o t s  in  3" t e s t  tub es  and p l a c e d  in  a vacuum d e s i c c a t o r  con­
t a i n i n g  sodium hydroxide  p e l l e t s  and c o n c e n t r a t e d  s u l f u r i c  a c i d .
The d e s i c c a t o r  was then e v a cu a t ed  t o  5 mm o f  Hg w i t h  an a s p i r a t o r  
pump. The ammonium b i c a r b o n a t e  was r e a d i l y  removed by t h i s  p r o ­
cedure  and t h e  p e p t i d e  m ix tu re  was o b t a i n e d  as a t a n n i s h - y e l l o w  
g l a s s y  m a t e r i a l .
Pr ocedure  f o r  Pept ide  Napping
Whatman 3MM f i l t e r  p a p e r  was used as t h e  s u p p o r t  medium f o r  t h e  
p e p t i d e  maps. S t r i p s ,  55 cm long were c u t  from a 27  cm wide r o l l
and washed o v e rn i g h t  w i t h  10% ( v / v )  formic  a c i d  by de s ce ndin g  chrom­
ato g r a p h y .  The washed s t r i p s  were a llowed t o  dry  i n  a fume hood a t
( 6 )  C r y s t a l l i n e  bovine t r y p s i n  purchased from G a l l a r d - S c h l e s i n g e r  
Chemical Mfg. Corp. 5 8 4  Mineola Ave. C a r l e  P l a c e ,  Long I s l a n d ,  
.N.Y.
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room t e m p e r a t u r e  f o r  a t  l e a s t  e i g h t e e n  h o u r s ,  s i n c e  f a i l u r e  t o  r e ­
move t r a c e s  o f  t h e  a c i d  r e s u l t s  i n  e x c e s s i v e l y  high c u r r e n t  f low d u r in g  
e l e c t r o p h o r e s i s .
D i s p o s a b l e  p l a s t i c  gl ove s  were worn d u r i n g  a l l  s ub s eq ue nt  man­
i p u l a t i o n s  o f  t h e  p a p e r ,  and a l l  work s u r f a c e s  were covered wi th  
f r e s h  f i l t e r  p a p e r .  These p r e c a u t i o n s  a r e  n e c e s s a r y  t o  minimize 
c o n t a m i n a t i o n  w i t h  n i n h y d r i n  p o s i t i v e  m a t e r i a l .
E l e c t r o p h o r e s i s  wicks ( 1 0  cm x 32 cm) were c u t  from M i r a c l o t h ^  
(Burns  and T u r n e r ,  1 9 6 7 ) .  D i a l y s i s  t u b i n g  was s l i t  a long one edge 
t o  pr oduce b a r r i e r s  t o  e l e c t r o o s m o s i s  ( B i e l e s k i ,  1 9 6 5 ) .  The d i a ­
l y s i s  t u b i n g  and t h e  wick m a t e r i a l  were soaked in  b u f f e r .  P r i o r  t o  
u s e ,  t h e y  were r i n s e d  w i t h  a f r e s h  volume o f  b u f f e r .
The wicks were p l a c e d  i n  t h e  e l e c t r o d e  v e s s e l s ,  each o f  which 
c o n t a i n e d  one l i t e r  o f  b u f f e r .  The edge of  each wick a d j a c e n t  t o  
t h e  aluminum c o o l i n g  p l a t e  was i n s e r t e d  i n t o  t h e  s o a k e d ,  s l i t t e d  d i a ­
l y s i s  t u b i n g  so t h a t  a U-shaped c o v e r i n g  over  t h e  wick was formed.  
F i n a l l y ,  an a p p r o p r i a t e  l e n g t h  o f  Saran Wrap was p l a c e d  as a co ve r  
f o r  t h e  wick assembly.  Without  such c o v e r s ,  t h e  wicks w i l l  dry t o  
t h e  p o i n t  where t h e y  a c t u a l l y  burn ou t  ( P e t e r s o n  e t  a l . ,  1 9 6 6 ) .
P r i o r  t o  sample a p p l i c a t i o n ,  t h e  20 cm x 30 cm r e c t a n g l e  o f  
p a p e r  was soaked in  b u f f e r ,  and b l o t t e d  t h o r o u g h l y  between doubled 
s h e e t s  o f  Whatman 3MM f i l t e r  p a p e r .  The sample was a p p l i e d  on a l i n e  
1 . 5  cm long p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  o f  e l e c t r o p h o r e s i s .  This  
sample l i n e  was l o c a t e d  2 cm from t h e  ch rom a to gra phic  bot tom o f  t h e
^  A v a i l a b l e  from Calbiochem.  P.O. Box 5 4 2 8 2 ,  Los A ngel es ,  C a l i f .  900 54
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s h e e t ,  and 1 . 5  cm from t h e  p o s i t i v e  pole  edge.
A f t e r  sample a p p l i c a t i o n ,  t h e  paper  was t r a n s f e r r e d  t o  the  
aluminum p l a t e  covered with a s h e e t  o f  Mylar.  The wicks were then 
a d j u s t e d  t o  ov e rl a p  the  paper  by a t  l e a s t  .5  cm. The p a p e r ,  wi th  
wicks o v e r l a i n ,  was then covered by a second s h e e t  o f  Mylar t o  p r e ­
vent  e v a p o r a t i o n .  A r e c t a n g l e  o f  Lu c i te  ( 1 8  cm x 35 cm) was then
plac e d on t h e  Mylar over t he  p a p e r ,  and wei ghted down with  l ea d
( 8 )b l o c k s .  The p r o t e c t i v e  cover of  t h e  Savant  i n s t r u m e n t '  ' was c l o s e d ,  
t h e  c o n s t a n t  vol ta g e  power supply  t u r n e d  on,  and t h e  v o l t a g e  a d j u s t e d  
t o  2800 v o l t s .  During a f o u r t e e n  minute r u n ,  t h e  c u r r e n t  normally 
ro se  from an i n i t i a l  value  of  150 mi H i  amperes t o  a f i n a l  value  of  
215 mi 11 i a m p e re s . The tem pe ra tu re  o f  t h e  r e t u r n  c o o l i n g  w a t e r  seldom 
r ose  above 10°C from an i n i t i a l  value  o f  4°C. At t h e  end o f  t he  
e l e c t r o p h o r e s i s ,  the  paper  was removed from t h e  c e l l  and allowed t o  
a i r  dry in  a fume hood o v e r n i g h t .
The w e l l - a i r e d  paper  was sewn with  c o t t o n  s u t u r e  t h r e a d  to  form 
a c y l i n d e r  and s u b j e c t e d  t o  ascending chromatography a t  r i g h t  an gle s  
t o  t h e  d i r e c t i o n  o f  e l e c t r o p h o r e s i s .  The s i n g l e  phase s o l v e n t  used 
f o r  chromatography c o n s i s t e d  o f  n - b u t a n o l , p y r i d i n e ,  g l a c i a l  a c e t i c  
a c i d ,  and de io n i z e d  wat er  in  t h e  r a t i o  1 5 : 1 0 : 3 : 1 2  ( v / v )  ( J e g o r o v  e t  a l . ,  
1 9 6 5 ) .  The chromatography was performed in  c y l i n d r i c a l  j a r s  6" x 12 " ,  
covered by a g l a s s  p l a t e .  When t h e  s o l v e n t  f r o n t  had r i s e n  t o  w i t h in  
a c e n t i m e t e r  o r  so o f  t he  top o f  t h e  p a p e r ,  t h e  p a p e r  was removed from
^  Model FP-18 high v ol ta ge  e l e c t r o p h o r e s i s  c e l l  complete  with  HV 
3 , 0 0 0  c o n s t a n t  vo l ta ge  sup ply.  Savant  I n s t r u m e n t  I nc .  221 Park 
Ave. H i c k s v i l l e ,  N.Y.
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t h e  j a r ,  t h e  t h r e a d s  c u t ,  and t h e  paper  hung in t he  hood t o  dry.  Papers 
hung t o  dry in  t he  c y l i n d r i c a l  form tended t o  d i s p l a y  d i s t o r t e d  s p o t s ,  
probably  due to  a dry ing p a t t e r n .  Such a r t i f a c t s  were seldom seen when 
t h e  s h e e t s  were hung in  a pl an e  fas hi on a f t e r  c u t t i n g  the  t h r e a d s  used 
t o  m a i n ta i n  t he  c y l i n d r i c a l  form.
A f t e r  drying o v e r n i g h t ,  t h e  paper  was again  sewn i n t o  c y l i n d r i c a l  
form and s u b j e c t e d  t o  a second chromatographic development in t he  
same manner as b e f o r e .  Hoerman and Kamel ( 1 9 6 7 )  and Jegorov e t  a l . ,  
( 1 9 6 5 )  recommend m u l t i p l e  development f o r  opt imal  r e s o l u t i o n .  In t h e  
case  o f  t h e  work p r e s e n t e d  h e r e ,  double development enhanced t he  s e p ­
a r a t i o n  o f  t h o s e  p e p t i d e s  p o s s e s s i n g  low va lu e s .
The developed chromatogram was again d r i e d  in plane  f a s h i o n .
Those s p o t s  e x h i b i t i n g  f l u o r e s c e n c e  when exposed t o  u l t r a v i o l e t  l i g h t  
0 ° 19)( 2 5 3 7  A and 3660 A) '  ‘ were marked. V i s u a l i z a t i o n  o f  t h e  p e p t i d e  
s p o t s  was accomplished by di ppi ng the  paper in a .02% (w/v)  s o l ­
u t i o n  o f  ni nhyd rin  i n  acetone and then allowing the  c o l o r  development 
t o  proceed a t  room te m p e ra t u re .
Once i n i t i a l  development had begun, t h e  map was t r a c e d .  A f t e r  
t h i s  t r a c i n g ,  t he  map was a llowed t o  develop f u r t h e r  o v e r n i g h t .  The 
map t r a c i n g  was then completed,  t h e  spots  marked f o r  i d e n t i f i c a t i o n  
and c u t  from t he  pap er .
The p e p t i d e s  were e l u t e d  from the  papers  with  10% ( v / v )  formic 
a c i d ,  using f i l t e r  paper  between two microscope s l i d e s  as wicks f o r
a descending chromatographic  e l u t i o n .  The p e p t i d e s  were e l u t e d  i n t o  
 ----------------------------------------------
v ' An u l t r a v i o l e t  l i g h t  sourc e  s i m i l a r  t o  t h e  one used i s  a v a i l a b l e  
from Edmund S c i e n t i f i c  Co. B a r r i n g t o n ,  N,J .
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3" t e s t  t u b e s ,  p e r m i t t i n g  a t  l e a s t  a m i l l i l i t e r  o f  e l u e n t  t o  c o l l e c t  
in t h e  t u b e .
The l a b e l e d  t u b e s ,  c o n ta i n in g  t h e  e l u t e d  p e p t i d e s  were p l ac e d  
in a vacuum d e s i c c a t o r  in t he  presence o f  s e p a r a t e  c o n t a i n e r s  o f  
c o n c e n t r a t e d  s u l f u r i c  a c id  and sodium hydroxide  p e l l e t s .  The de s­
i c c a t o r  was then e va cua ted  t o  5 mm Hg with an a s p i r a t o r  pump and 
l e f t  o v e r n i g h t .
The d r i e d  samples were removed from t he  d e s i c c a t o r  and . 1 5  ml 
o f  5 . 6  N HC1 was added t o  them. The r e s u l t i n g  s o l u t i o n  was then 
t r a n s f e r r e d  i n t o  g l a s s  c a p i l l a r y  tubes  (diSpo p i p e t t e s ) . The 
sample tu bes  were flame s e a l e d  a t  both ends and p l ac e d  in a hot  a i r  
oven a t  1 1 0 ° C f o r  2 4  hours.  When c o o le d ,  t h e  tub es  were opened a t  
both ends and t h e  samples washed out  with  a small  volume o f  d e io n i z e d  
w a t e r  i n t o  3" t e s t  t u b e s .  The hydrolyzed p e p t i d e  samples were e va po ra te d 
t o  dryness  in  a vacuum d e s i c c a t o r  c o n t a i n i n g  c o n c e n t r a t e d  s u l f u r i c  a c i d ,  
sodium hydroxide  p e l l e t s  and D r i e r i t e  in  s e p a r a t e  c o n t a i n e r s .  The 
samples were s t o r e d  when dry in a d e s i c c a t o r  s u p p l i e d  with D r i e r i t e  
and sodium hydroxide  p e l l e t s .
The above proced ure  r e s u l t s  in t h e  recovery o f  a n a l y t i c a l l y  
a c c e p t a b l e  q u a n t i t i e s  o f  m a t e r i a l  ( . 0 2  -  . 2  pM) from sample a p p l i ­
c a t i o n s  o f  f o u r  t o  f i v e  mil l igrams o f  d i g e s t e d  p r o t e i n .  This i s  a 
recove ry  o f  t he  o r d e r  o f  10 to  70%, depending on t he  p e p t i d e .
Amino Acid Anal ys is
The amino a c i d  a na lys es  were performed usin g  a system based
A v a i l a b l e  from S c i e n t i f i c  P r od uc ts .
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on t h e  s i n g l e  column g r a d i e n t  e l u t i o n  ion exchange chromatography 
method o f  Pie z  and Morris ( 1 9 6 0 ) .  The i n d i v i d u a l  columns a re  e s ­
s e n t i a l l y  s e l f - c o n t a i n e d  so t h a t  by use o f  s e q u e n t i a l  t i m e r s  i t  
i s  p o s s i b l e  t o  perform a na ly s e s  c o n s e c u t i v e l y .
Once t h e  system had been a d j u s t e d  t o  s a t i s f a c t o r y  p e r f o r m a n c e ,  
s t a n d a r d  runs were scheduled so  t h a t  a t  l e a s t  one s t a n d a r d  was ob­
t a i n e d  f o r  each column every two weeks.  The s t a n d a r d  m i x t u r e  c o n t a i n e d  
. 5  yM/ml o f  each p r o t e i n  h y d r o l y s a t e  amino a c i d .  The normal s t a n d a r d  
l oa d was .1 yM o r  . 2  ml o f  t h e  s t a n d a r d  s o l u t i o n .  The s t a n d a r d  a l s o  
c o n t a i n e d  n o r l e u c i n e ,  an amino a c i d  o f  n o n - b i o l o g i c a l  o r i g i n  which 
f u n c t i o n e d  as an i n t e r n a l  s t a n d a r d  s i n c e  i t  was added t o  a l l  s am pl es .
The n o r l e u c i n e  c o n c e n t r a t i o n  i n  t h e  s t a n d a r d  m ix t u re  and t h e  sample 
b u f f e r  was 1 . 0  yM/ml. The e l u t i o n  program r e q u i r e d  an e l a p s e d  t ime 
of  s i x  and o n e - h a l f  hours f o r  one complete  a n a l y s i s .  Disodium e t h y l - 
e n e d i n i t r i l o t e t r a a c e t a t e  (EDTA) was i n c o r p o r a t e d  in  t h e  b u f f e r s  as 
recommended by Hamilton ( 1 9 6 3 )  in  o r d e r  t o  overcome t h e  a c cu m ula t io n  
o f  d i v a l e n t  ions  which s e r i o u s l y  impa irs  t h e  pe rformance o f  t h e  columns 
o f  r e s i n .  Table 3 shows th e  degre e  o f  improvement seen a f t e r  i n c o r p o r a t i o n  
o f  t h i s  c h e l a t i n g  age nt  i n t o  t h e  b u f f e r s .  In t h e  c o u r s e  o f  
s t a n d a r d i z i n g  th e  system,  a number o f  problems were e n c o u n t e r e d ;  
only two a r e  o f  enough importance  t o  be c o n s i d e r e d  h e r e .
One problem was the extreme v a r i a t i o n  o f  t h e  r e c o v e r y  v a lu e s  f o r  
g l u ta m i c  a c i d ,  a s p a r t i c  a c i d  and g l y c i n e .  The f i r s t  two amino a c i d s  
were p a r t i a l l y  e s t e r i f i e d  by t h e  methanol in  t h e  b u f f e r s ,  w h i l e  t h e  
g l y c i n e  v a r i a t i o n  was due t o  t h e  f a c t  t h a t  t h e  g l u t a m i c  a c i d  gamma
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
E f f e c t  o f  EDTA on r e c o v e r i e s  from s t a n d a r d  amino a c i d  m ix tu re s  
in  terms o f  c o l o r  e q u i v a l e n t  ( a r e a )  r e l a t i v e  t o  n o r l e u c i n e , 
t h e  i n t e r n a l  s t a n d a r d .
Table  4 33
W ithout  EDTA With EDTA
Mean C.V. Mean C.V.
Asp . 8 8 . 0 5 . 8 8 . 0 6
Thr .9 5 . 0 4 . 9 5 . 0 2
S e r 1 . 0 2 . 0 4 1 . 0 3 .02
Glu .7 7 .11 .81 .11
Pro . 1 8 . 1 7 .21 .0 7
Gly 1 . 1 4 . 0 5 1 . 1 3 . 0 5
Ala .9 6 . 0 4 .9 2 . 0 3
Val . 8 7 . 0 5 .85 . 0 2
Cys . 5 0 . 0 6 .52 . 0 3
Met 1 . 0 5 . 0 5 1 . 0 2 . 0 2
l i e . 8 8 . 0 3
CO . 0 5
Leu . 9 8 . 0 4 . 9 8 . 0 2
Nor 1 . 0 0 - 1 . 0 0 -
Tyr . 9 3 . 0 3 . 9 3 . 0 2
Phe 1 . 0 0 . 0 4 1 . 0 0 .01
Lys 1 . 0 5 . 0 6 1 . 0 3 . 02
His 1 . 0 7 . 0 6 1 . 0 4 . 0 2
Arg . 9 8 . 0 4 . 9 6 . 0 2
n= 29 10
Note: These a n a l y s e s  were performed w i t h  b u f f e r s  t h a t  c o n t a i n e d
meth an ol .  The lack o f  improvement f o r  g l u t a m i c  and a s p a r t i c  
a c i d s  i s  a t t r i b u t e d  t o  e s t e r  fo rm a ti o n  d e s c r i b e d  i n  a s ub­
s e q u e n t  s e c t i o n .
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methyl e s t e r  formed,  was e l u t e d  in  t h e  p o s i t i o n  o f  g l y c i n e  during  
chromatography.
The second problem was the  d e s i r e  t o  s i m p l i f y  t h e  c a l c u l a t i o n s  
o f  t h e  d a t a .  The s o l u t i o n  to  t h i s  problem was found t o  be t h e  use 
o f  peak h e i g h t  as t h e  s o l e  index o f  c o n c e n t r a t i o n  i n  ion exchange 
amino a c i d  chromatography.  The methods by which t h i s  approach was 
e s t a b l i s h e d  i s  i n c l u d e d  in t h i s  d i s s e r t a t i o n  s i n c e  such a method does 
r e p r e s e n t  a d e p a r t u r e  from commonly acce pt ed procedures  f o r  compu­
t a t i o n  o f  amino a c i d  a n a l y s i s  d a ta .
Degradat ion o f  Glutamic and A s p a r t i c  Acids
In t h e  normal d a i l y  r o u t i n e ,  samples were a p p l i e d  t o  t h r e e  or  
f o u r  columns s im u l ta n e o u s l y .  U n f o r t u n a t e l y ,  t h e r e f o r e ,  e x c e p t  f o r  
t h e  sample on t he  i n i t i a l  column which was immediately a n a l y z e d ,  t he  
o t h e r  samples remained absorbed t o  t h e  r e s i n  a t  t he  top s  o f  t h e i r  
columns f o r  s i x  t o  tw e n ty - fo u r  hours during which t ime t h e y  were 
exposed t o  a pH o f  2 . 7 5 ,  a  temperature  o f  60°C and a methanol con­
t a i n i n g  (10% v/ v)  s o l v e n t  system. The methanol was i n c o r p o r a t e d  i n t o  
b u f f e r s  in  o r d e r  t o  improve the  r e s o l u t i o n  of  t h e  two hydroxy-amino 
a c i d s ,  t h r e o n i n e  and s e r i n e  (Thomson and Mile s ,  1 9 6 4 ) .
In t h e  cours e  o f  s t a n d a r d i z a t i o n  o f  the  t o t a l  s ys tem ,  i t  was 
found t h a t  g lu ta m ic  and a s p a r t i c  acids  v a r i e d  beyond t h e  a c c e p t ­
able  + 5% l e v e l .  The values o b t a i n e d ,  when compared o r  grouped on 
t h e  b a s i s  o f  o p e r a t i o n a l  sequence,  i n d i c a t e d  no s i g n i f i c a n t  d i f f ­
ere nc e s  f o r  t h e  m a j o r i t y  o f  the  amino a c i d s ,  bu t  di d  i n d i c a t e  a pro­
g r e s s i v e  d e c r e a s e  in  recovery of  both g lu ta m ic  and a s p a r t i c  a c i d s .
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Figure  1 shows t h e  r e s u l t s  o b t a i n e d  f o r  a s p a r t i c  a c i d .  Figure 2 
shows a s i m i l a r  p l o t  ob ta in e d f o r  g l u ta m i c  a c i d .  The a b s c i s s a  i s  in 
terms o f  o r d e r  o f  a n a l y s i s  r a t h e r  than t i m e ,  s i n c e  in the  d a i l y  r o u t i n e  
t h e  sample f o r  t h e  f i r s t  a n a l y s i s  o f  t h e  day may remain on t h e  column 
f o r  up t o  s i x  hours while t he  f o u r t h  a n a l y s i s  o f  t h e  previous  day is  
completed.  The mean v a l u e s ,  seen h e r e ,  were used t o  c o r r e c t  each 
a n a l y s i s  on t he  b a s i s  o f  o p e r a t i o n a l  s e qu en c e ,  t h e  values f o r  t h e  f i r s t  
sequence p r o v id i n g  t h e  base.  These f a c t o r s  were i nc l ud e d in a 
computer program which a pp l i e d  t h e  c o r r e c t i o n  on t h e  b a s i s  o f  a 
sequence number given t he  a n a l y s i s .
I t  was thou ght  t h a t  e s t e r i f i c a t i o n  o f  t h e  e carboxyl  group o f  
a s p a r t i c  and the  a carboxyl group o f  g l u ta m i c  a c i d  was the  cause.
The f o l lo w in g work was performed t o  e s t a b l i s h  t h i s  and t o  se arc h f o r  
a s o l u t i o n .
Two columns were loaded w i t h  0 .1  uM o f  g lu tam ic  a c i d , ^ ^  t h e  
b u f f e r  above t he  r e s i n  bed c o n ta i n e d  methanol .  Column #1 was dev­
eloped immediately; t h a t  i s ,  b u f f e r  was s t a r t e d  through the  column 
w i t h i n  t h i r t y  minutes  a f t e r  t h e  i n i t i a t i o n  o f  sample a p p l i c a t i o n .
Column #2 development was begun n i n e t e e n  and a h a l f  hours l a t e r .
Both columns produced two pe ak s,  g l u t a m i c  a c id  and a g ly c i n e  e l u t i o n  
t ime peak. The gl y c i n e  e l u t i o n  t ime peak f o r  column #1 amounted t o  
17.5% o f  t h e  t o t a l  a re a  of  t he  two pea ks.  For column #2 t he  g l y c i n e  
e l u t i o n  t ime peak amounted to  27.3% o f  t h e  t o t a l  a r e a .  A sample of
The amirio a cid s  and amino a c i d  e s t e r s  used were ob t a i n e d  from n u t r i ­
t i o n a l  Biochemicals Corp. The a l c o h o l s  used were a l l  Baker Analyzed 
Reagent grade.  All b u f f e r s  used c o n t a i n e d  disodium e t h y l e n e d i n i t r i l -  
o t e t r a a c e t a t e .






















LOSS OF ASPARTIC ACID 
ON THE BASIS OF ORDER OF ANALYSIS
(n =12) (n = 4) (n = 5)
F i g u r e  1 .  The p r o g r e s s i v e  l o s s  o f  a s p a r t i c  a c i d  on c ol um ns .  The v a l u e s  
p l o t t e d  a r e  t h e  means and t h e  r a n g e  o f  v a l u e s .
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LOSS OF GLUTAMIC ACID 
ON THE BASIS OF ORDER OF ANALYSIS
UJ
O
(n s 12) (n = 4) (n = 5)
Fig ure  2 .  Graphical  r e p r e s e n t a t i o n  o f  t h e  p r o g r e s s i v e  l o s s  o f  g l u t a m i c  
a c i d .  The values p l o t t e d  a r e  t h e  means and t h e  range o f
v a lu e s .
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g l u t a m i c  a c i d  -  gamma methyl e s t e r  was found t o  be e l u t e d  in  t h e  
p o s i t i o n  o f  t h e  g l y c i n e  t y p e  peak. A sample o f  g l u t a m i c  a c i d  e l u t e d  
w i t h o u t  methanol i n  t h e  b u f f e r s  y i e l d e d  a g l u t a m i c  a c i d  peak' on ly.
The l o s s  o f  a s p a r t i c  a c i d  was no t  as g r e a t  as t h a t  o f  g l u ta m i c  
a c i d ;  however,  i t  was found t h a t  t h e  b e t a  methyl d e r i v a t i v e  o c c u r r e d  
in  t h e  s e r i n e  a r e a .
With g l u t a m i c  a c i d ,  e th a no l  produced a second peak in  t h e  a l a n i n e  
re g i o n  w h i l e  n-p ro pa no l  produced a second peak e l u t e d  a f t e r  v a l i n e  and 
c l o s e  enough t o  c y s t i n e  t o  cause a s h o u l d e r  on t h a t  peak.
In  both  c a s e s ,  a s i n g l e  peak was o b t a i n e d ,  and t h i s  peak was e l u t e d  
i n  t h e  p o s i t i o n  p r e d i c t e d  by e l u t i o n  of  t h e  same compound in  t h e  ab­
se nce  o f  any a l c o h o l .
The t h r e o n i n e - s e r i n e  r e s o l u t i o n  r e s u l t i n g  from t h e  use o f  
t e r t i a r y  bu t an o l  was a t  l e a s t  equal t o  t h a t  p r o v id e d  by t h e  use 
o f  m e t h a n o l ,  w i t h  no a p p a r e n t  e f f e c t  on t h e  o t h e r  p o r t i o n s  o f  t h e  
chromatogram.
Gamma methyl g l u m a t i c  a c id  was r e a d i l y  hyd r o ly z e d  t o  g l u t a m i c  
a c i d  under  t h e  c o n d i t i o n s  employed. D i f f i c u l t y  was e n c o u n t e r e d  in  
g a i n i n g  r e c o v e r y  f a c t o r s  f o r  i t .  The pro ced ur e  f i n a l l y  ad o p te d  was 
t o  make up a s o l u t i o n  i n  d i s t i l l e d  w a t e r ,  ap ply  t h e  sample  t o  t h e  
column and b e gin  t h e  r u n ,  a l l  w i t h i n  f i f t e e n  minutes  a f t e r  making 
up t h e  s o l u t i o n .  Even w i t h  t h i s  r a p i d  a p p ro a c h ,  a small  g l u t a m i c  
a c i d  peak amounting t o  9% d i d  occ ur .  Chromatography a t t e m p t e d  i n  a 
s i m i l a r  f a s h i o n  i n  t h e  absence o f  methanol r e s u l t e d  i n  a s i n g l e  peak 
in  t h e  g l u t a m i c  a c i d  r e g i o n .  I t  seems t h a t  t h e  r e s i n  c a t a l y z e s  t h i s
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co nv ers io n so t h a t ,  in  a very s h o r t  t i m e,  th e  c onve rsi on  i s  complete.  
Under such c ir c u m s t a n c e s ,  only one peak would be observed and t h i s  
would be a t t r i b u t e d  t o  t h e  sample pla c e d  on t he  column. The above 
s u g g e s t s  t h a t  when methanol i s  p r e s e n t ,  t h e  e q u i l i b r i u m  f o r  t he  gamma 
m e t h y l a t i o n  i s  reached when 24  t o  26% of  t h e  g lu ta m ic  a c id  e x i s t s  as 
t h e  gamma methyl e s t e r .
The s i t u a t i o n  wi th  g l ut a m ic  a c id  and a s p a r t i c  a c i d  appears c l e a r  
c u t .  In t h e  p res en ce  o f  m eth an ol ,  some o f  t h e  amino a c i d  i s  co nve rted  
t o  t h e  gamma methyl o r  b e t a  methyl e s t e r .  These compounds are  then 
e l u t e d  in  t h e  a r e a s  o f  g l y c i n e  and s e r i n e - a s p a r a g i n e  r e s p e c t i v e l y .
This can be p r ev e n t ed  by us in g t e r t i a r y  butanol  t o  r e p l a c e  methanol 
f o r  t h e  improvement o f  t h e  r e s o l u t i o n  of  t h r e o n i n e  and s e r i n e .
Hamilton ( 1 9 6 3 )  l i s t s  t h e  p o s i t i o n  o f  gamma methyl gluta mic  acid  
in t h e  reg io n o f  gl ut am ic  a c i d .  The above i n d i c a t e s  t h a t  t h i s  e s t e r  
behaves more l i k e  g l y c i n e .  In t h e  absence o f  m eth an ol ,  t h i s  e s t e r  is  
r ec o v e r ed  q u a n t i t a t i v e l y  as gl u ta m i c  acid  due t o  complete conversion 
o f  t he  e s t e r  t o  t h e  p a r e n t  a c i d .  This probably  e x p l a i n s  t he  di scr ep anc y 
in  p o s i t i o n ,  r a t h e r  than invok ing b u f f e r  s c hed ule  d i f f e r e n c e s .
As a r e s u l t  o f  t h i s  work, t h e  use of  methanol i n  t h e  b u f f e r s  
was d i s c o n t i n u e d  and t e r t i a r y  butanol  was s u b s t i t u t e d .  The sequence 
c o r r e c t i o n s  f o r  l o s s e s  of  gl u ta m i c  a c i d  and a s p a r t i c  a c i d  were no 
l o n g e r  r e q u i r e d .
C a l c u l a t i o n  of  Amino Acid Composition
The g r a p h i c a l  o u t p u t  from t h e  amino a c i d  a n a l y z e r  i s  in  t he  form 
o f  a s e r i e s  o f  absorbance peaks whose p o s i t i o n  and a r e a  correspond
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t o  t he  kinds  and amounts of  amino a c i d  p r e s e n t  in  t he  sample.  In t he  
o r i g i n a l  procedure  f o r  t he  autom ati c  d e te r m i n a t i o n  o f  amino a c i d  com­
p o s i t i o n ,  t h e  a re a  under the  peak was computed by a t r i a n g u l a t i o n  
procedure  wherein t he  peak h e i g h t  ( H ) , in terms o f  o p t i c a l  d e n s i t y  u n i t s  
was m u l t i p l i e d  by t he  width a t  h a l f - h e i g h t  (W) in  terms o f  d o t s ,  o r  
t ime (Spackman e t  a l .  1 9 5 8 ) .  This i s  a t ime consuming method. In 
r e p e t i t i v e  a n a l y s e s ,  p r e c i s i o n  i s  t h e  major c onc er n ,  s i n c e  t h e  area  
o b t a i n e d  i s  su bs equ en t ly  co nverted  by means o f  a f a c t o r  i n t o  a mole 
v a l u e ,  t h e  f a c t o r  being d e r i ve d from s t a n d a r d s  su b m i t te d  t o  a n a l y s i s  
a t  t he  same t ime as t he  sample under i n v e s t i g a t i o n .
Sch ro ed e r  e t  a l .  ( 1 9 6 6 )  r e p o r t e d  t he  s u c c e s s f u l  use of  a nomo­
gram f o r  t h e  c a l c u l a t i o n  o f  amino a c i d  d a t a ,  b u t  t h i s  approach r e ­
q u i r e s  f r e q u e n t  r e c o n s t r u c t i o n  o f  t h e  c h a r t  based on c u r r e n t  s t a n d a r d ­
i z a t i o n s ,  due t o  minor f l u c t u a t i o n s  in  pumping r a t e s ,  b u f f e r  com­
p o s i t i o n ,  and column performance.  Mondino ( 1 9 6 7 )  r e p o r t e d  t h a t  peak 
h e i g h t  a lone can be used s u c c e s s f u l l y  in  t he  d e t e r m i n a t i o n  o f  amino 
a c id s  e l u t e d  from ion-exchange columns where t h e  n in h y d r i n  r e a c t i o n  
e f f l u e n t  i s  p l o t t e d  by means o f  a l i n e a r  respo ns e  r e c o r d e r ,  and t he  
n e t  h e i g h t  i s  e s t i m a t e d  by means of  a r u l e r .  Mefferd e t  a l .  ( 1 9 6 8 )  
r e p o r t e d  equal  p r e c i s i o n  f o r  seven d i f f e r e n t  methods a p p l i e d  t o  184 
curves  o b t a i n e d  by gas chromatography.
With t h i s  background,  t h e  p r e c i s i o n  o b t a i n e d  using  peak h e i g h t  
e s t i m a t e d  manually was compared t o  t h a t  o b t a i n e d  using a Simpson's r u l e  
i n t e g r a t i o n  executed by an IBM 360 computer.
Table  5 l i s t s  the  r e s u l t s  from two s e t s  of  s t a n d a r d s .  The peak
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Comparison o f  values o b t ai ne d  by two methods of  
c a l c u l a t i n g  amino a c id  a n a l y s i s  d a ta
(O.luM) STANDARDS A * ( 0 . 1 uM) STANDARDS B * *
Peak Height A r e a Peak Height A r e a
Mean C.V. Mean C.V. Mean C.V. Mean C.V.
Asp 0 . 8 5 0 . 0 3 0 . 8 2 0 . 0 2 0 . 9 8 0 . 0 5 0 . 7 9 0 . 0 5
Thr 0 . 9 2 0 . 0 2 0 . 9 0 0.01 1 . 1 0 0 . 0 3 0 . 9 4 0 . 0 4
Ser 0 . 9 9 0 . 0 3 0 . 9 7 0 . 0 2 1 . 1 2 0 . 0 2 1 . 0 4 0 . 0 4
Glu 0 . 8 2 0 . 0 5 0 . 9 4 0.01 0 . 7 8 0 . 0 4 0 . 8 3 0 . 0 5
Pro 0 . 1 9 0 . 0 4 0 . 2 0 0 . 0 4 0 . 1 9 0 . 0 4 0 . 2 0 0 . 0 5
Gly 1 .2 9 0 . 0 3 1 . 2 0 0 . 0 2 1 . 3 0 0 . 0 7 1 . 3 8 0 . 0 6
Ala 0 . 8 5 0 . 0 5 0 . 8 5 0.01 0 . 7 7 0 . 0 4 0 . 8 8 0 . 0 4
Val 0 . 7 7 0 . 0 3 0 . 7 7 0.01 0 .7 1 0 . 0 5 0 . 7 9 0 . 0 4
Cys 0 . 7 7 0 . 0 5 0 . 5 7 0 . 0 4 0 . 7 2 0 . 0 3 0 . 5 7 0 . 0 8
Met 1 .0 9 0 . 0 2 1.11 0.01 1 . 0 4 0 . 0 3 1 . 1 4 0 . 0 8
l i e 0 . 8 3 0 . 0 2 0 . 7 7 0 . 0 2 0 . 8 3 0 . 0 2 0 . 7 9 0 . 0 4
Leu 1 . 1 0 0 .0 1 1 . 0 7 0 . 0 2 1 . 1 0 0 . 0 2 1.11 0 . 0 2
Tyr 0 . 9 2 0.0 1 1 .0 7 0 . 0 2 0 . 9 4 0 . 0 2 1 . 0 4 0 . 0 3
Phe 0 . 9 0 0 . 0 2 1 . 0 7 0.01 0 . 9 2 0 . 0 4 1 .0 9 0 . 0 5
Lys 1 .2 5 0.0 1 1.01 0 . 0 2 1 . 3 0 0 . 0 4 1 . 0 5 0 . 0 7
His 1 . 3 0 0 . 0 2 1 . 2 0 0.01 1 . 3 4 0 . 0 4 1.2 2 0 . 0 6
Arg 1 .0 2 0.0 1 1 .0 0 0.01 1 . 0 6 0 . 0 3 1 . 0 3 0 . 0 5
N = 5 N = 7
NOTES: *St a nd ar ds  A a na lys es  were performed wi th  t e r t i a r y  butanol  in  t h e  pH 
2 . 7 5  b u f f e r .
**The values f o r  g lu ta m ic  and a s p a r t i c  a c id s  were c o r r e c t e d  f o r  pr o­
g r e s s i v e  l o s s  s i n c e  methanol was used.
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h e i g h t  i s  ex pressed in  o p t i c a l  d e n s i t y  u n i t s  as read from t h e  p r i n t e d  
c h a r t .  The base l i n e  values  which were s u b t r a c t e d  from t h e  t o t a l  op­
t i c a l  d e n s i t y  values were e s t i m a t e d  on t h e  b a s i s  o f  t h e  ba se  l i n e  b e f o r e  
and a f t e r  t h e  peak. In t h e  case  o f  i n c o m p l e t e l y  r e s o l v e d  p e a k s ,  t h e  
base l i n e  was i n t e r p o l a t e d .  The a r e a  i s  t h e  o u t p u t  from a computer  
program t h a t  performs t h e  Simpson's r u l e  i n t e g r a t i o n  f o r  a r e a  based 
on punched tape d i g i t a l  i n f o r m a t i o n .
In both c a s e s ,  t h e  numbers o b t a i n e d  were n or m a liz e d t o  t h e  va lu e  
f o r  n o r l e u c i n e ,  which i s  r o u t i n e l y  added t o  samples as an i n t e r n a l  
s t a n d a r d .  The r e l a t i v e  a r e a s  and r e l a t i v e  peak h e i g h t s  f o r  a number 
o f  a n a l y s e s  are t a b u l a t e d .  The d a t a  has no t  been grouped a c c o r d in g  
t o  column, s in c e  exp erim en tal  des ign i s  an a t t e m p t  t o  randomize.  The 
a b s o l u t e  values f o r  c o l o r  y i e l d  o r  r e c o v e r y  are  d i f f e r e n t ,  b u t  t h e  p r e ­
c i s i o n  i s  o f  the  same o r d e r  o f  magni tude.
Since  the  two methods a pp e ar  e q u a l l y  p r e c i s e  f o r  a l l  p r a c t i c a l  
p u r p o s e s ,  the  l e s s  l a b o r i o u s  peak h e i g h t  pr oc e du re  was a dop ted .
Losses o f  Ty ro s in e ,  P h e n y l a l a n i n e ,  and H i s t i d i n e
The e v a l u a t i o n  o f  t h e  p e p t i d e  mapping pr oce dur e  u t i l i z e d  i n  t h i s
( 12)st u d y  was c a r r i e d  ou t  us ing sperm whale  myoglobin'  ' as s t a n d a r d  
m a t e r i a l .  In t h e  an a ly s e s  o f  t h e  t r y p t i c  p e p t i d e s  s e p a r a t e d  by t h i s  
method, t h e  recovery o f  t y r o s i n e ,  p h e n y l a l a n i n e ,  and h i s t i d i n e  was 
o f  t h e  o r d e r  o f  50% in  some o f  t h e  p e p t i d e s  c o n t a i n i n g  t h e s e  amino 
a c i d s .  I t  became a p p a ra n t  t h a t  where t h i s  low re c o v e r y  was o b s e r v e d ,  
t h e  amino acid  invo lve d was amino t e r m i n a l  in  t h e  p e p t i d e .  In t h e  work
A va i la bl e  from Gal l a r d  S c h l e s i n g e r .
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p r e s e n t e d  h e r e ,  t h e  l o s s  seemed e x c e s s i v e  and i n t r o d u c e d  some d i f f i c u l t y  
i n  c o n c l u s i v e l y  i d e n t i f y i n g  t h e  p e p t i d e s  i n v o l v e d .  In t h e i r  work on 
h a r b o r  s e a l  and p o r p o i s e  myo glob in,  Bradshaw e t  a l . ( 1 9 6 9 )  d i d  n o t  en­
c o u n t e r  s i m i l a r  low y i e l d s  f o r  t h e s e  amino a c i d s  in  t h e  same p e p t i d e s  
found h e r e .  For  t h i s  r e a s o n ,  t h e  method o f  mapping and a c i d  h y d r o l y s i s  
( b o t h  d i f f e r e n t  from t h e  c i t e d  work)  was s u s p e c t e d .
The low r e c o v e r y  o f  t h e  amino t e r m i n a l  amino a c i d  from p e p t i d e s  
d e t e c t e d  by r e a c t i o n  w i t h  n i n h y d r i n  on f i n g e r p r i n t  maps such as t h o s e  
used he re  i s  n o t  wel l  r e p o r t e d  o r  r ec o r d e d  i n  t h e  l i t e r a t u r e .  B e n n e t t
( 1 9 6 7 )  a l l u d e s  t o  l o s s  o f  amino t e r m i n a l  amino a c i d s  u n d e r  t h e s e  
c o n d i t i o n s .  Genaux ( 1 9 6 9 )  a t t r i b u t e d  t h i s  l o s s  t o  t h e  r e a c t i o n  wi th  
n i n h y d r i n ,  which i n v o l v e s  t h e  amino t e r m i n a l  amino a c i d .  Such r e ­
a c t i o n ,  an o x i d a t i v e  d e c a r b o x y l a t i o n ,  n e c e s s a r i l y  l e a d s  t o  some l o s s  
o f  t h a t  p a r t i c u l a r  amino a c i d .  However, s i n c e  l o s s e s  o f  t y r o s i n e ,  
p h e n y l a l a n i n e ,  and h i s t i d i n e  a r e  markedly g r e a t e r  t h a n  t h o s e  se en  f o r  
o t h e r  amino a c i d s  o c c u r r i n g  a t  t h e  amino t e r m i n a l  p o s i t i o n ,  t h e y  must 
be due t o  more t h a n  t h e  r e a c t i o n  wi th  n i n h y d r i n .
These t h r e e  amino a c i d s  a l l  po s s e s s  c a r b o n - c a r b o n  doubl e  bonds 
and a re  t h e r e f o r e  s u s c e p t i b l e  t o  o x i d a t i o n .  This  s u g g e s t s  t h a t  t h e  
p e p t i d e  mapping o r  t h e  method o f  a c i d  h y d r o l y s i s  was t h e  o c c a s i o n  f o r  
oxi d a t i o n .
During t h e  e l e c t r o p h o r e s i s  and ch rom atography,  t h e  p e p t i d e s  a r e
2
s p r e a d  o v e r  very  l a r g e  a r e a s  (up  t o  4 cm ) and a r e  ex posed t o  an a t ­
mosphere t h a t  c o n t a i n s  oxygen along  wi th  t h e  v o l a t i l e  components o f  
t h e  d e v e lo p i n g  s o l v e n t .  Al though e l e c t r o p h o r e s i s  l a s t s  f o r  only  14
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m i n u t e s ,  chromatography extends  over  a 48 hour p e r i o d  a t  room temp­
e r a t u r e  du rin g which o x i d a t i o n  could well  t ak e  p l a c e .  Another  p o s s ­
i b i l i t y  i s  o x i d a t i o n  du rin g h y d r o l y s i s ,  s i n c e  t h i s  s t e p  i s  c a r r i e d  
o u t  a t  110°C f o r  24 h o u r s ,  and during t h i s  s tudy  did  not  exclud e 
oxygen by e v a c u a t io n  o r  d i s pl a c em e nt  with  n i t r o g e n .  As Blackburn
( 1 9 6 8 )  p o i n t s  out t h i s  e x c l u s i o n  o f  oxygen i s  deemed e s s e n t i a l  t o  t h e  
q u a n t i t a t i v e  recovery o f  t h o s e  amino a c id s  s u s c e p t i b l e  t o  such 
o x i d a t i o n .  The method o f  h y d r o l y s i s  employed in t h i s  s tudy d a te s  
back t o  e a r l i e r  days and has been used by t h i s  w r i t e r  s u c c e s s f u l l y  
f o r  a number o f  y e a r s .
In o r d e r  t o  e v a l u a t e  t he  impact o f  oxygen during h y d r o l y s i s ,  
p e p t i d e s  T-5b ( P h e - L y s ) ,  T-16 ( T y r - L y s ) ,  and T-6 (Hi s-Leu-L ys)  from 
s t a n d a r d  sperm whale myoglobin were s u b j e c t e d  t o  a c id  h y d r o l y s i s  in  
t u b e s  ev a cu a te d t o  5 mm Hg wit h  an a s p i r a t o r  pump. These samples 
were hyd ro lyz ed  in 5 . 6  N HC1 a t  110°C in  an o i l  bath f o r  24 h o u r s ,  
i n  tu be s  c o n s t r u c t e d  ac co rd in g t o  S c h a f f e r  e t  a l . ( 1 9 6 6 ) .  The g l o b in  
p r e p a r a t i o n s ,  t h e  t r y p t i c  d i g e s t i o n s ,  and t h e  p e p t i d e  mapping r e ­
p r e s e n t e d  s e p a r a t e  ex pe rim e nt s .
Comparison o f  t h e  d a t a  in  Table 5 i n d i c a t e s  t h a t  t he  low r e ­
c o v e r i e s  o f  t y r o s i n e ,  p h e n y l a l a n i n e ,  and h i s t i d i n e  are  not  t o  be 
a t t r i b u t e d  t o  t he  pr es e nc e  o f  oxygen during h y d r o l y s i s .  These  r e ­
s u l t s  s u g g e s t  t h a t  t h e  l o s s  occurs  on t h e  paper.  A c c or din gl y,  i t  
i s  most pr ob ab le  t h a t  t h e  l o s s e s  seen here  occur  dur ing t he  chromato­
graphy (by o x i d a t i o n )  and v i s u a l i z a t i o n  (by o x i d a t i v e  d e c a r b o x y l a t i o n )  
on t h e  pap er .
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Table 6
Comparison of  r e c o v e r ie s  o f  t y r o s i n e ,  p h e n y l a l a n i n e ,  
and h i s t i d i n e  in  p e p t i d e s  hydro ly ze d  by two methods.
T -  5b
T -  16










1 . 0 0
. 4 4
1 . 0 0





1 . 0 0
.42
1 . 0 0
1 . 0 9
. 5 8
1 . 2 5
[A] The r e s u l t s  o f  a na ly s e s  o f  e v a c u a t e d  tubes
[B]  That o f  non-evacuated
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Mole Rat io  Conversion o f  Data and Assignment of  Pep t id es
The co nversion o f  t h e  d a t a  t o  a mole r a t i o  b-asis i s  an a p p l i c a t i o n  
o f  t h e  law o f  m u l t i p l e  p r o p o r t i o n s .  In t h i s  c a s e ,  i n s t e a d  o f  atomic 
co m p o s i t i o n ,  t h e  i n t e g r a l  combining p r o p o rt io n s  r e p r e s e n t  amino acid  
r e s i d u e s .  This pr oce ss  o f  c o n s t r u c t i n g  p e pt id e s  from composi t ional  
d a ta  i s  a t  p r e s e n t ,  unnamed and seldom,  i f  e v e r ,  r e f e r r e d  t o  in t he  
l i t e r a t u r e .  However, S c h r o e d e r  ( 1 9 6 8 )  does d e s c r i b e  t h i s  pr ocess  and 
pr ovi de s  a few examples.
The i n d i v i d u a l  n e t  peak h e i g h t s  were c o r r e c t e d  f o r  c o l o r  y i e l d  
o r  rec over y  by f a c t o r s  based on c u r r e n t  s t a n d a r d s .  When th e  i d e n t i t y
o f  t h e  p e p t i d e  i s  not  known, i t  i s  not  p o s s i b l e  t o  normalize d a ta  f o r
an a n a l y s i s  t o  some p r ec on c e iv e d number of  r e s i d u e s .  F o r t u n a t e l y ,  
t h e r e  a r e  u s u a l l y  a few amino a c i d s  p r e s e n t  t h a t  oc cu r  as s i n g l e  
r e s i d u e s  in  t h e  p e p t i d e  under  c o n s i d e r a t i o n .  By s t r i k i n g  an average 
from t h e s e  amino a c i d s ,  a common d i v i s o r  can o f t e n  be found q u i c k l y .
The va lue s  f o r  t h o s e  amino a c id s  prone to  l o s s  a re  not  u t i l i z e d  in 
th e  s e l e c t i o n  o f  t h i s  d i v i s o r .  A f t e r  t h i s  r e d u c t io n  o f  t h e  d a ta  t o  
a mole r a t i o  form,  t h e  i d e n t i t y  o f  t he  pe pt i de  may be de termined.  In
th e  ca se  o f  t h e  myoglobin o f  sperm whale ,  a d i r e c t  a l ignment due t o
i d e n t i t y  was e x p e c t e d ,  and i n d e e d ,  was found. In t h e  case  o f  t h e  
h a r b o r  s e a l  myoglobin,  i t  was e xpe cte d t h a t  some i d e n t i t y  would p r e ­
v a i l  and d i r e c t  a l i gnm en t  would be p o s s i b l e ,  by homology, in some 
p e p t i d e s  a t  l e a s t .  As w i l l  be s e e n ,  t he  p e p t i d e s  s e p a r a t e d  from 
Bering Sea h a r b o r  s e a l  myoglobin provided d a t a  p e r m i t t i n g  d i r e c t  a l i g n ­
ment with t he  known sequence o f  Maine c oa st  h a r b o r  se al  myoglobin.
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The p r i n c i p l e  o f  homology in  i t s  a p p l i c a t i o n  h e r e ,  t a k e s  t h e  
form " I d e n t i t y  o f  p e p t i d e  composit ion i n d i c a t e s  i d e n t i t y  o f  p e p t i d e  
sequence".  I f  a p e p t i d e  i s o l a t e d  from a molecu le  whose sequen ce  i s  
unknown i s  i d e n t i c a l  i n  composit ion t o  a p e p t i d e  from a c o r r e s p o n d i n g  
p r o t e i n  whose sequence i s  known then t h e  p e p t i d e s  a r e  i d e n t i c a l  in 
sequence.  S i n c e  a c t u a l  sequence p r o o f  by way o f  chemical o r  en zy ma tic  
means was no t  t o  be performed,  t h i s  assumption l i e s  a t  t h e  h e a r t  o f  
t h e  as s ignments  t h a t  have been made. As more and more se quences  a re  
r e p o r t e d ,  i t  becomes i n c r e a s i n g l y  obvious t h a t  seq ue nc in g by homology 
i s  a r e a l  s o u r c e  o f  e r r o r .  Nolan and Margol iash ( 1 9 6 8 )  n o t e  t h a t  t h e  
te r m in a l  t e t r a p e p t i d e  o f  th e  cytochromes c o f  duck,  p i g e o n ,  and r a t t l e ­
snake have t h e  same co mp os i t i on ,  bu t  t h e  sequences  a re  d i f f e r e n t .  In 
t h e  duck,  i t  i s  Ala -Th r-A la- Lys ,  i n  t h e  p i g e o n ,  T h r - A l a - A l a - L y s , and 
in  t h e  r a t t l e s n a k e ,  Lys-Thr-Ala-Ala.  N e v e r t h e l e s s ,  in  t h e  work p r e ­
s e n t e d  h e r e ,  where t h e  p r o t e i n s  o f  very c l o s e l y  r e l a t e d  s p e c i e s  a re  
being compared, t h e  assumption o f  homology seems q u i t e  r e a s o n a b l e ,  s i n c e  
only a few s u b s t i t u t i o n s  a re  ex pe cte d f o r  t h e  whole m o le c u le .  I t  sho uld  
be emphasized t h a t  i t  i s  an assumption and f i n a l  p r o o f  o f  sequence must 
r e s i d e  with  a c t u a l  sequence work.
S i n c e  t h e r e  i s  no r e p o r t  in t h e  l i t e r a t u r e  f o r  p e p t i d e  maps o f  
myoglobin us ing  t h e  c o n d i t i o n s  developed f o r  t h i s  r e s e a r c h ,  t h e  i d e n t i ­
f i c a t i o n  o f  p e p t i d e s  p r e s e n t e d  a problem. S h o r t  p e p t i d e s  a r e  e a s i l y  
i d e n t i f i e d ,  b u t  l a r g e r  ones a re  more d i f f i c u l t .  The i d e n t i f i c a t i o n  
can be s i m p l i f i e d  by c o n s t r u c t i o n  o f  a key i n  terms o f  s p e c i f i c  amino 
a c i d s ,  ( T a b le  7 ) .  Such a key f a c i l i t a t e s  t h e  p r o p e r  use o f  t i m e  and
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e n e rg y  i n  t h e  as s i g n m en t  o f  p e p t i d e s  so t h a t  t ro u b l e so m e  a n a l y s e s  are  
q u i c k l y  i d e n t i f i e d .  Homology i s  b a s i c  t o  t h i s  key.  S in c e  both  sperm 
whale myoglobin and h a r b o r  s e a l  myoglobin were examined i n i t i a l l y ,  t h e  
key i n c l u d e s  t h e  seq uen ce  f o r  b o t h ,  a l th ou gh  f o r  pu rp ose s  o f  c l a r i t y ,  
t h e  h a r b o r  s e a l  myoglobin p e p t i d e s  a r e  emphasized.
The p e p t i d e  d e s i g n a t i o n s  g e n e r a l l y  f o l l o w  t h o s e  gi ven f o r  h a rb o r  
s e a l  myoglobin by Bradshaw e t  a l .  ( 1 9 6 9 b ) .  The only  change i s  t h e  
a d d i t i o n  o f  c e r t a i n  s u b - p e p t i d e  d e s i g n a t i o n s ,  f o r  example T - l c ,  T - l d ,  
and T - l e .  The t o t a l  sequence o f  h a r b o r  s e a l  myoglobin w i t h  d e s i g n a t i o n s  
i s  g i ve n i n  F i g u re  3.












Ta bl e  7 ,  P e p t i d e  I d e n t i f i c a t i o n  Key






























-  S e r  
T-5b ( 2 )
-  Leu
-  Asp
P e p t i d e  ( n o .  o f  r e s i d u e s )
T -13 ;  13a  ( 1 5 )
T - l l  ( 6 )
T - l l b  ( 4 )
T-10; a; b ( 1 6 - 1 8 )
T- 4  ( 8 )
T-7  ( 6 )  [ S . W .]
T-12  ( 1 6 )
T-15  ( 5 ,  6 )
T - 8  ( 6 )  [ S . W .]
T - l  ( 1 6 )
T - l ; l e  ( 1 6 ) ;  ( 5 )
T-6 ( 3 )
T- 12 c  ( 3 )
T- 3  ( 3 )
T- 5a  ( 3 )
T-16  ( 2 )
T- 7  ( 6 ,  7 )  [ H . S . ]
T-2b ( 2 )
T- 12  ( 1 3 )
T-2  ( 1 5 )
T - 1 4  ( 6 )
T - l 2 c  ( 3 )





T - l  2b








( 1 3 )
( 4 )
( 7 )
F = P e p t i d e  s p o t  f l u o r e s c e n t  unde r  u l t r a v i o l e t  l i g h t
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Table 8
One- and t h r e e - l e t t e r  amino a c id  
(Dayhoff ,  1969)
A/Ala = Alanine  
C/Cys = Gysteine  
D/Asp = A s p a r t i c  a c i d  
E/Glu = Glutamic a c i d  
F/Phe = Ph e n y l a l a n in e  
G/Gly = Glycine 
H/His = H i s t i d i n e  
I / I l e  = I s o l e u c i n e  
K/Lys = Lysine 
L/Leu = Leucine
B/Asx = A s p a r t i c  a c i d  or  as p ar a g in e
a b b r e v i a t i o n s .
M/Met = Methionine  
N/Asn = Asparagine  
P/Pro = P r o l i n e  
Q/Gln = Glutamine 
R/Arg = A rg in ine  
S/ Se r  = S e r i n e  
T/Thr = Threonine  
V/Val = Val ine  
W/Trp = Tryptophan 
Y/Tyr = Tyro sine
Z/Glx = Glutamic  a c id  o r  glutamine
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G L S D G E W H L V L N V W G K V E T D L A G H G Q F V L I R
10  20  30




L F K S H P E T L E K F D K F K H L K S E D D M R R S E D L R K  
I 3 ! 4 | 5a | 5 b |  6 | 7 | |  8 | 9 a |
70 80 90







H K I P I K Y L E F I S E A I I H V L H S K H P A Q F G A D A Q
11 12a | 12b | 12c | 13
l l a |  11b
13 0  140 160
A A M K K A L E L F R N D I A A K Y K E L G F H G  
| a |  14 | 15 16 | 17 |
F i gure  3. The amino a c i d  sequence o f  h a r b o r  se al  myoglobin as determined 
by Bradshaw e t  a l .  1969b. The t r y p t i c  p e p t i d e  d e s i g n a t i o n s  a r e  
ad apted from the  same r e f e r e n c e .  The s i n g l e  l e t t e r  code of  
Dayhoff i s  used and i s  given on t h e  f a c i n g  page.
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RESULTS
The p e p t i d e  maps u s u a l l y  c ont ai ned  2 4  t o  26 n i n h y d ri n  p o s i t i v e  
s p o t s .  In most c a s e s ,  e l u t i o n  and h y d r o l y s i s  o f  t h e  p e p t i d e s  from t h e s e  
s p o ts  p ro vid e d  a n a l y t i c a l  d a ta  p e r m i t t i n g  i d e n t i f i c a t i o n  o f  t h e  p e p t i d e s .
The maps o f  phocid myoglobins g e n e r a l l y  p e r m i t t e d  i d e n t i f i c a t i o n  o f  a l l  
bu t  two p e p t i d e s ,  T - l e  and T-12b.  The same degree  o f  s u c c e s s  was not  
achieved f o r  t h e  rnyoglobins from walrus and f u r  s e a l .
This c h a p t e r  i s  d i v i d e d  i n t o  two s e c t i o n s .  The f i r s t  s e c t i o n  
p r e s e n t s  t h e  p e p t i d e  maps o f  t h e  myoglobins o f  t h e  s i x  s p e c i e s  o f  p i n n i ­
peds.  The map o f  t h e  p e p t i d e s  from sperm whale myoglobin i s  a l s o  i n ­
c lu d e d ,  s i n c e  i t  p ro vid e d  t h e  i n i t i a l  frame o f  r e f e r e n c e .  Once t h e  a n a l y s e s  
o f  t he  p e p t i d e s  from t h e  myoglobin o f  t h e  Bering Sea h a r b o r  s e a l  had 
been completed,  i t s  map became t he  s t a n d a r d  r e f e r e n c e .  The second s e c t i o n  
p r e s e n t s  t a b u l a r  d a ta  f o r  t h e  pe pt id es  e l u t e d  from t h e  s p o t s ,  t o g e t h e r  
with comments on t h e  a n a l y s e s ,  and t he  sequence proposed f o r  t h e  p e p t i d e  
under c o n s i d e r a t i o n .
P e p t id e  Maps o f  T r y p t i c  Hydrolysates
As has been n ot ed  by many i n v e s t i g a t o r s ,  p e p t i d e  maps a r e  no t  s t r i c t l y  
r e p r o d u c i b l e .  Although the  r e l a t i v e  p o s i t i o n s  o f  t h e  p e p t i d e s  do remain 
c o n s t a n t ,  i d e n t i c a l  samples run s im u l ta n e o u s l y  o r  c o n s e c u t i v e l y  w i l l  produce 
maps with  a t  l e a s t  some minor d i f f e r e n c e s .  This problem i s  i n c r e a s e d  by 
t h e  mapping method employed here .  The small  s i z e  o f  t h e  p a p e r  adds t o  t h e  
gen era l  problem s i n c e  i t  reduces  the a r e a  a v a i l a b l e  f o r  s e p a r a t i o n  o f  
t h e  p e p t i d e  s p o t s .
In t h e  maps t h e  dashes o u t l i n e  t h o s e  s p o t s  t h a t  f l u o r e s c e d  when t he
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pa pe rs  were exposed t o  u l t r a v i o l e t  l i g h t .  The l i n e s  e n c l o s i n g  t h e  
n i n h y d r i n  p o s i t i v e  a r e a s  were t r a c e d  d u r in g  e a r l y  c o l o r  development .
The f i n a l  s p o t  was u s u a l l y  ab out  t w o - f o l d  l a r g e r ,  p a r t i c u l a r l y  in  t h e  
d i r e c t i o n  o f  e l e c t r o p h o r e s i s .  Such e l o n g a t i o n  i s  due i n  p a r t  t o  o v e r ­
l o a d i n g  o f  t h e  p a p e r  n e c e s s i t a t e d  by t h e  poor  r e c o v e r y  o f  some o f  t h e  
p e p t i d e s .  In o r d e r  t o  p r o v id e  ad e qu at e  r e c o v e r i e s  f o r  t h e  i d e n t i f i c a t i o n  
o f  t h e  amino a c i d s ,  i t  was g e n e r a l l y  n e c e s s a r y  t o  lo ad  t h e  p a p e r  w i t h  
d i g e s t  from 4 t o  5 m i l l i g r a m s  o f  p r o t e i n .  B e t t e r  r e s o l u t i o n  o f  some 
p e p t i d e s  would be p o s s i b l e  i f  t h i s  l o a d i n g  c o u ld  be reduced t o  2 t o  3 
m i l l i g r a m s .  Such a sample s i z e  i s  a c c e p t a b l e  i f  t h e  s e n s i t i v i t y  o f  t h e  
amino a c i d  a n a l y z e r  can be i n c r e a s e d .  This  i s  f e a s i b l e  e i t h e r  by range 
e xp a n si o n  o f  t h e  r e c o r d e r  o r  t h e  use o f  a l o n g e r  f low c e l l .  Both methods 
have been recommended ( H a m i l t o n ,  19 6 7)  and a r e  i n  p r e s e n t  day use in 
many l a b o r a t o r i e s .
O t h e r  t y p e s  o f  s o l i d  s u p p o r t  media might  p r o v i d e  h i g h e r  r e c o v e r i e s ,  
b u t  t o  d a t e ,  no g e n e r a l l y  a c c e p t e d  s u b s t i t u t e  f o r  c e l l u l o s e  p a p e r  has been 
found f o r  p e p t i d e  work.
The small  s i z e  o f  t h e  p a p e r ,  t h e  high v o l t a g e  g r a d i e n t s  p o s s i b l e ,  and 
t h e  o v e r a l l  co nve nience o f  t h e  equipment  i n v o l v e d  more th an  made up f o r  
t h e  d i f f i c u l t i e s  enumerated above.  The maps o f  t h e  t r y p t i c  p e p t i d e s  o f  
t h e  p i n n i p e d  myoglobins were very  s i m i l a r  w i t h  many o f  t h e  s p o t s  i n  t h e  
same p o s i t i o n  w i t h  only  a few e x c e p t i o n s .  The d i f f e r e n c e  i n  t h e  p o s i t i o n  
o f  p e p t i d e  T - l c  o f  whale  myoglobin r e l a t i v e  t o  t h a t  from t h e  p i n n i p e d  myo­
g l o b i n s  r e f l e c t s  t h e  d i f f e r e n c e  i n  com posi t io n o f  t h e s e  two p e p t i d e s .  However, 
t h e  p o s i t i o n  o f  T-4 was v a r i a b l e  i n  t h e  p h o c i d s ,  o f t e n  l e a d i n g  t o  in c o m p le t e
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r e s o l u t i o n  from T- 15.  The appearance o f  two T-7 s p o t s  was a t ­
t r i b u t e d  t o  p a r t i a l  ox i d a t io n  o f  t h e  methionine p r e s e n t  in  t h e  
p e p t i d e .  In t h e  maps f o r  sperm whale myoglobin,  p e p t i d e s  T-7 and 
T-8 were found in  a s i n g l e  s p o t ,  most probably as a s i n g l e  p e p t i d e ,  
even though a p e p t i d e  whose a n a l y s i s  resembled T-8a  was found. Two 
s p o t s ,  both o f  which c o nt a i ne d only l y s i n e  a re  l a b e l e d  9a on a l l  o f  
t h e  maps. The f r e e  amino a c i d ,  l y s i n e ,  i s  l i b e r a t e d  from p o s i t i o n s  
# 6 3 ,  7 8 ,  and 133.  The d i p e p t i d e ,  l y s y l - l y s i n e ,  could  be l i b e r a t e d  
from p o s i t i o n s  #78  and 79 and having a lower charge  t o  mass r a t i o  
s hould  move more slowly in e l e c t r o p h o r e s i s  and p os se ss  a h i g h e r  
in  chromatography The a r g i n i n e  p r e s e n t  a t  p o s i t i o n  #57  was not  found 
as a p a r t  o f  T-8  nor  was i t  found as t he  f r e e  amino a c i d .  Pe pt id e  T-8 
was found u n r e s o l v e d  from T-13  in  t he  maps of  h a r b o r  s e a l ,  r ibbon s e a l  
and be arded s e a l .  Pept ides  T-8 and T-13  were not  found in t h e  walrus  
and f u r  s e a l  maps. T-9b was sometimes poorly  r e s o l v e d  from T-16 and 
T-9c  was u s u a l l y  poorly  r e s o l v e d  from T-14.  In t h e  maps f o r  walrus 
and f u r  s e a l  myoglobins ,  t h e  s p o t  f o r  p e p t i d e  T-9c  was l a c k i n g ,  and 
a new s p o t  c or r es pon din g t o  T-9e was found. In t h e  maps from f u r  s e a l  
myoglobin a s p o t  co rresponding to  p e p t i d e  T-9b ( w i t h  two amino a c id  r e ­
p la c e m e nts )  was found c lo s e  t o  p e p t i d e  T-2 r a t h e r  th an  T- 14.  The T-10  
s p o t s  were o f t e n  t roublesome.  The T - l l b  s po t  was u s u a l l y  r a t h e r  f a i n t  
and may have been overlooked in  t h e  e a r l y  work on t h e  phocid myoglobins ,  
bu t  s i n c e  t h e  p a r e n t  pe pt id e  T - l l  had been found f o r  in a l l  c a s e s ,  t h e  
m a t t e r  was n o t  pursued.  The p e p t i d e  T-12c was found in  t h e  same p o s i t i o n  
f o r  a l l  seven myoglobins , even though t h e r e  was a s u b s t i t u t i o n  o f  g l y c i n e
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f o r  s e r i n e  in t h e  walrus  and f u r  s e a l .  P e p t id e  T - l 3 was not  re c ogniz e d  
among t he  s p o ts  e l u t e d  from the  maps o f  Weddell s e a l  and bearded s e a l .
Pe p t id e  T - l 6 i s  c o n s t a n t  in t h e  p h o c id s ,  but  i s  found c l o s e  t o  
T-5b in  f u r  seal  and w a l r u s .  This d i f f e r e n c e  in p o s i t i o n  was a s s o c i a t e d  
with  t h e  s u b s t i t u t i o n  o f  a r g i n i n e  f o r  l y s i n e  in  T-16.
P e p t i d e  T - l 7 occu pie s  i d e n t i c a l  p o s i t i o n s  in t h e  phocid maps r e ­
f l e c t i n g  i d e n t i t y  o f  composi t ion.  Pe pt id e  T - l 7 o f  sperm w ha le ,  f u r  
s e a l ,  and walrus  myoglobins d i f f e r  from t h a t  in  t h e  phocids  both  in  
map p o s i t i o n  and composi t ion.
Once o p e r a t i n g  c o n d i t i o n s  had been e s t a b l i s h e d  f o r  t h e  method,  
d u p l i c a t e  maps were u s u a l l y  prepared f o r  each myoglobin under  s tu d y .
In g e n e r a l ,  t h i s  was s u f f i c i e n t  t o  e s t a b l i s h  t h e  composi tion o f  most 
o f  t h e  p e p t i d e s .  O c c a s i o n a l l y ,  i t  was ne c es sa ry  t o  p r e p a r e  a t h i r d  
in o r d e r  t o  c l a r i f y  one o r  two p o i n t s ,  f o r  such reasons  as sample l o ss  
o r  q u e s t i o n a b l e  a n a l y s e s .  Where no c o m pl ic a t io ns  a r o s e ,  two maps were 
s u f f i c i e n t  t o  pr ovi de  a l l  t h e  samples n e c e s s a r y .  Since  each map p r o ­
vided some 25 samples ,  i t  was i n e v i t a b l e  t h a t  sample l o s s e s ,  a n a l y z e r  
d i f f i c u l t i e s ,  and o t h e r  normal l a b o r a t o r y  problems would make some r e ­
p e t i t i o n  n e c e s s a r y .
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Figure  4 .  Tr aci ng o f  the  t r y p t i c  p e p t i d e  map o f  sperm whale myoglobin.
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Figure  5.  T r y p t i c  pe pt id e  map o f  t h e  myoglobin o f  t h e  h a r b o r  seal






F ig ure  6 .  T r y p t i c  p e p t i d e  map o f  the  myoglobin o f  t h e  r ibbon  s e a l .
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Figure 7.  T r y p t i c  p e p t i d e  map o f  t h e  myoglobin o f  t he  bearded s e a l .
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Figure  8 .  T r y p t i c  p e pt id e  map o f  t he  myoglobin of  the  Weddell s e a l ,

























). T r y p t i c  p e p t i d e  map o f  the  myoglobin o f  the wa lru s .













C D  C D
< 3 g >
C D  
CD
<fD
Figure  10.  T r y p t i c  p e p t i d e  map o f  t h e  myoglobin o f  t he  n o r t h e r n  f u r  se al
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The Anal ys is  and Alignment o f  t h e  P e p t i d e s
In t h e  fo l lo wi ng  comments, h a rb o r  s e a l ,  r ibbon s e a l ,  bearded s e a l ,  
and Weddell seal  a re  sometimes grouped as " f o u r  phoc ids ".  The term 
" s i x  pinnipeds" r e f e r s  t o  t h e  s i x  s p e c i e s  examined h e r e .  The a l i g n ­
ments o f  t h e  i n d i v i d u a l  p e p t i d e s  a r e  shown with  t h e  known sequence of  
h a r b o r  s e a l  a t  th e  top and t h a t  o f  t h e  sperm whale a t  t he  bottom.
Since  glutamine and a s p a r a g i n e  a re  hydro lyze d t o  gluta mic  ac id  
and a s p a r t i c  a c i d  dur ing a c i d  h y d r o l y s i s  o f  t h e  p e p t i d e s  i t  i s  not  
p o s s i b l e  on t he  b a s i s  o f  a c i d  h y d r o l y s i s  d a ta  t o  d i f f e r e n t i a t e  between 
th e  amide and t he  p a r e n t  a c i d .  Asx and Glx a re  used t o  i n d i c a t e  t h i s  
u n c e r t a i n t y .
P r o l i n e ,  whose r e a c t i o n  with  n i n h y d ri n  pro vid es  a c o l o r  y i e l d  
o f  only 20% o f  t h a t  o f  t h e  o t h e r  amino a c i d s  was sometimes poorly  
r e p r e s e n t e d  on an i n t e g r a l  value  b a s i s .  I t  was n e c es s a ry  t o  e x e r c i s e  
judgment  on occasion and s t a t e  t h a t  t h i s  amino a c i d  was p r e s e n t  in an 
a n a l y s i s ,  on the  b a s i s  o f  appearance o f  t h e  p r o l i n e  peak,  r e l a t i v e  to  
t h e  b a la nc e  o f  t h e  o t h e r  amino a c i d s  in  t h e  sample.  Where p r o l i n e ' s  
pr es e nc e  was in q u e s t i o n  i t  i s  i n d i c a t e d  by a pl us  s i g n .
The p e p t i d e s  T - l ,  T-9  and T-12 are  t h e  i n t r a c t a b l e  "core" p e pt id e s  
t h a t  u s u a l l y  r e s i s t  t he  normal pr oc e dur e s  f o r  t h e  s e p a r a t i o n  o f  p e p t i d e s .  
Edmundson and Hirs  ( 1 9 6 2 c )  t r e a t e d  t h i s  "core" m a t e r i a l  wi th chymotrypsin 
in  o r d e r  t o  e s t a b l i s h  t h e  sequence f o r  t h e s e  t h r e e  p e p t i d e s .  In the  
work p r e s e n t e d  h e r e ,  i t  i s  seen t h a t  some o f  t h e s e  chymotypt ic  pep­
t i d e s  r e s u l t  from th e  t r y p t i c  d i g e s t  employed f o r  t h e  f i n g e r p r i n t i n g .
This was an unexpected advantage and p e r m i t t e d  t h e  i d e n t i f i c a t i o n  more
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o f  t h e  molecule than was a n t i c i p a t e d .
Incomplete s e p a r a t i o n  o f  p e p t i d e s  i s  a r e c u r r i n g  problem in 
f i n g e r p r i n t i n g  work. In t h e  case  o f  column chromatography, t h e r e  
i s  u s u a l l y  s u f f i c i e n t  m a t e r i a l  p r e s e n t  t o  p e rm i t  f u r t h e r  m a n i pula t io n  
to  p r o v id e  s e p a r a t i o n  of  t h e  s i m p l e r  m ix tu re s  sometimes found in 
chromatographic  peaks.  Where f i n g e r p r i n t i n g  i s  performed in t he  
manner u t i l i z e d  here  t h e r e  i s  not  s u f f i c i e n t  m a t e r i a l  a v a i l a b l e  
f o r  f u r t h e r  manipulat ion.  Consequently ,  i f  unre s o lv e d  p e p t i d e s  do 
occur  t h e  only a t te m pt  t h a t  can be made t o  s e p a r a t e  them i s  a l o g ­
i c a l  one.  I n i t i a l l y ,  the  maps of  h a r b o r  s e a l  myoglobins y i e l d e d  one 
s p o t  whose overa l l  composi tion s ug ge st e d a m ixture  of  T-8  and T - l 3. 
S u bs e que nt l y ,  with t he  pinn ipe d maps, poor  r e s o l u t i o n  was observed 
f o r  o t h e r  neighboring pe pt i de s  on o c c a s i o n .  In some c a s e s ,  a second 
or  t h i r d  map was prepa re d i n  o r d e r  t o  ach ieve  t h e  r e s o l u t i o n  r e q u i r e d .  
As many i n v e s t i g a t o r s  have n o t e d ,  t h e  maps a re  not  t r u l y  r e p r o d u c i b l e  
and as a consequence,  the  degree o f  r e s o l u t i o n  v a r i e s .  As p r e v i o u s l y  
s t a t e d ,  i t  was nec ess ary  t o  overload t h e  map s l i g h t l y  in o r d e r  t o  ob­
t a i n  measurable y i e l d s  of  c e r t a i n  p e p t i d e s .  This tended t o  cause 
s t r e a k i n g  i n  the  e l e c t r o p h o r e t i c  d i r e c t i o n ,  and t h i s  s t r e a k i n g ,  in 
t u r n ,  r e s u l t e d  in occas io nal  poor r e s o l u t i o n  o f  some p e p t i d e s .  Pep­
t i d e s  T- 8  and T - l 3 were o f te n  unres ol ve d as were T-4 and T - l 5 .
The l og ic a l  r e s o l u t i o n  o f  p e p t i d e  m ix tu re s  from a n a l y t i c a l  d a t a  
i s  open t o  que s t io n and,  unless  t h e  m a t t e r  was c l e a r - c u t  t h e  unre s o lv e d  
p e p t i d e  a n a l y s i s  was l i s t e d  as u n c l a s s i f i e d .
The pept ide  T - l 5 i s  r a t h e r  unique in h a r b o r  s e a l  myoglobin.
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I t  i s  composed of  two a s p a r t i c  a c i d s ,  one i s o l e u c i n e ,  two a l a n i n e ,  
and one l y s i n e  r e s i d u e .  This i s  r e a d i l y  s e p a r a t e d  from t he  mole 
r a t i o  d a ta  p r e s e n t e d  i n  Table 9 .  Once t he  va lu e s  f o r  the  pe p t i d e  
T - l 5 were r ec ogni zed  th ey  were f u r t h e r  improved t o  b e t t e r  r e f l e c t  
t he  composi tion o f  t h e  p e p t i d e .  Once t h e  value  f o r  t h e  p e p t i d e  T - l 5 
were r ec ogn ize d th ey  were d i v i d e d  by . 8 5 .  This improved t he  values 
so t h a t  th ey  b e t t e r  r e f l e c t e d  t h e  composi tion o f  t he  p e p t i d e  T - l 5.
The remaining d a ta  resembled p e p t i d e  T - 4 ,  and d i v i s i o n  by 1 . 4 0  pro ­
vided values t h a t  were a c c e p t a b l e  as p e p t i d e  T-4.
This ge neral  proced ure  was used f o r  t h e  two s e t s  of  unr esolved 
p a i r s  e nc ounte red .  A s i m i l a r  t r e a t m e n t  o f  d a ta  f o r  unresolved p a i r s  
i s  given by Schr oed er  ( 1 9 6 8 ) .
P e p t id e  T - l c , Residues # 1 - 7 .  This i s  t h e  amino t er m in a l  p o r t i o n  
o f  t h e  molecule .  Tryptophan was p r e s e n t  s i n c e  t h e  s p o t  from which t h i s  
p e p t i d e  was e l u t e d  f l u o r e s c e d  under u l t r a v i o l e t  l i g h t  and lacks  phenyl­
a l a n i n e  and t y r o s i n e .  The amino a c id  composi tion o f  t h i s  pe p t i d e  
was t h e  same f o r  a l l  p i n n i p e d s .  The g e n e r a l l y  low recov er y of  g l y c i n e  
seen in  t h e  phocid p e p t i d e  a n a ly s e s  i s  a t t r i b u t e d  t o  t h e  f a c t  t h a t  one 
g l y c i n e  r e s i d u e  i s  amino t e r m i n a l .  By homology t h e  myoglobins of  a l l  
t h e  pi nnip ed s  examined a r e  given t he  same sequence in p o s i t i o n s  # 1 - 7  as 
t h a t  determined by Bradshaw e t  a l .  ( 1 9 6 9 b )  f o r  t h e  h a rb or  s e a l .  This 
p e p t i d e  d i f f e r s  from t h a t  o f  t h e  sperm whale a t  p o s i t i o n s  #1 and #4 .  
Harbor se al  Gly-Leu-Ser-Asp-Gly-Glu-Trp
All  pin nip ed s  Gly-Leu-Ser-Asx-Gly-Glx-Trp
Sperm whale Val-Leu-Ser-Glu-Gly-Glu-Trp
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Table 9 .  R e s olu t io n  o f  mixed p e p t i d e  d a t a  
from bearded s e a l  p e p t i d e  map.
AA Mixed T-15 T-15 T-4  T-4
_________ Data___________Raw______ Improved___________ Raw________________Improved
Asp 1 . 6 6 1 . 6 6 1 . 9 6  = 2
Thr 1 . 1 4 1 . 1 4 .81 a 1
S e r 1 . 0 4 1 . 0 4 . 7 4  « 1
Glu 3 . 1 5 3 . 1 5 2 . 2 5  a 2
Pro 1 . 2 3 1 . 2 3 II
OOoo
Gly . 4 3 . 4 3 .31
Ala 1 .9 6 1 . 9 6 2 .3 1  a 2
Met .1 2 . 1 2
H e .7 0 .70 . 8 3  * 1
Leu 1 . 6 0 1 . 6 0 1 . 1 4  a l
Phe . 1 8 . 1 8
Lys 2 . 2 0 .7 0 21
COOO 1 . 5 0 1 . 0 7  a 1
His 1 . 4 7 1 . 4 7 1 . 0 5  a 1
Arg . 4 7 . 4 7 . 3 3
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Pe p t id e  T - l d , Residues  # 8 - 1 1 .  In two o f  t h e  p h o c i d s ,  t h i s  p e p t i d e  
provided r e a s o n a b l e  va lu e s  i f  t h e  low r e c o v e r y  f o r  h i s t i d i n e  i s  a c c e p t e d  
as due t o  i t s  amino t e r m i n a l  p o s i t i o n .  In t h e  h a r b o r  s e a l  and the  
r ibbon s e a l ,  t h e  a n a l y t i c a l  v a lu e s  p r o v i d e d  only  q u a l i t a t i v e  e v id e n c e .
In the be arded s e a l  and t h e  Weddell s e a l ,  a s p o t  i n  t h e  same a r e a  of  
t h e  pe p t i d e  map ap peared t o  c o r r e s p o n d  t o  p e p t i d e  T - l d  in  t h e  h a r b o r  
s e al  sequence.  The r e c o v e r i e s  were low ( o f  t h e  o r d e r  o f  .01  yM) and 
hence,  t h e  a n a l y s e s  were no t  d e f i n i t i v e .  Repeated a t t e m p t s  di d  not  
m a t e r i a l l y  improve t h e  r e c o v e r y .
A s p o t  s i m i l a r l y  l o c a t e d  i n  t h e  p e p t i d e  maps o f  t h e  myoglobins of  
t h e  f u r  s e a l  and t h e  wal rus  p r o v i d e d  e v i d e n c e  t h a t  t h e  sequence o f  
myoglobin in  t h e s e  two s p e c i e s  was d i r e c t l y  a l i g n a b l e  w i t h  t h a t  o f  
t h e  sperm whale .  In t h e  sperm w h a l e ,  f u r  s e a l ,  and w a lr us  maps, 
t h e r e  was s e r i o u s  c o n t a m i n a t i o n .  S i n c e  t h e  co n ta m in a n t s  a r e  s i m i l a r ,  
i t  i s  p r o v i s i o n a l l y  co ncluded t h a t  t h i s  p e p t i d e  f rom t h e  f u r  s e a l  and 
walrus  po s s e s s  t h e  same c om po s i t i on  an d,  t h e r e f o r e ,  sequ enc e as t h a t  
of  the  sperm whale.
Harbor s e a l  His-Leu -V al- Leu
Four phoc ids  His-Leu -V al- Leu
Walrus and f u r  s e a l  Glx-Leu-Val-Leu 
Sperm whale Glu-Leu-Val-Leu
Pep t id e  T - l e , Residues  # 1 2 - 1 6 .  This  p e p t i d e  was n o t  found in  any 
of  the  maps.
Pep t id e  T - 2 ,  Residues  # 1 7 - 3 1 .  This  i s  t h e  secon d l a r g e s t  p e p t i d e  
recove red.  The a n a l y s e s  o f  t h e  phocid  p e p t i d e s  showed i d e n t i c a l
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c om po s i t i on.
The T-2 s po ts  from the  maps o f  walrus  and f u r  s e a l  myoglobins 
were t ro uble som e.  Repeated a t t e m p t s  t o  o b t a i n  c l e a r - c u t  an a ly s e s  
were only  p a r t i a l l y  s u c c e s s f u l .  One walrus  myoglobin map d i d  pro ­
v i d e  an a n a l y s i s  t h a t  c orr es pon ded  well  t o  p e p t i d e  T- 2a.  This was 
t h e  only  t ime t h i s  p e p t i d e  was o b t a i n e d .  The T-2 s p o t  from f u r  s e a l  
myoglobin d i d  not  pr ov id e  a c l e a r  c ut  a n a l y s i s ,  and t h e  b e s t  d a ta  
i s  p r e s e n t e d  in t h e  t a b l e  t o  i n d i c a t e  t h e  n a t u r e  of  t h e  problem.
This  p e p t i d e  i s  probably  co nta m ina ted  with  a g l y c y l l y s i n e  p e p t i d e  
a r i s i n g  from p o s i t i o n s  #15  and #16 s i n c e  such a p e p t i d e  was found 
i n  t r y p t i c  d i g e s t s  o f  h a r b o r  s e a l  myoglobin by Bradshaw e t  a l .  ( 1 9 6 9 b ) .  
The f i n a l  two r e s i d u e s  o f  T-2 ( T - 2 b )  were found, showing t h a t  t he  
l y s i n e  p r e s e n t  i s  not  a t  p o s i t i o n  #31.  I t  i s  not  p o s s i b l e  t o  c o n s i d e r  
t h i s  l y s i n e  as a contaminant  as t he  f r e e  amino a c id  -  because  l y s i n e  
i s  found in  an e n t i r e l y  d i f f e r e n t  p o s i t i o n .
Harbor  s e a l  Val-Glu-Thr-Asp-Leu-Ala-Gly-His-Gly-Gln-Glu-
V al -L e u - I l e- A r g
Phoci ds Val-G1x-Thr-Asx-Leu-Ala-Gly-Hi  s -Gly- Glx-Glx-




I l e - L e u - I l e - A r g
P e p t i d e  T - 2 b , Residues # 3 0 - 3 1 .  This f ragment  from t he  carboxyl 
t e r m i n a l  p o r t i o n  o f  p e p t i d e  T-2 was u s u a l l y  found w i t h o u t  d i f f i c u l t y
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,90  = 1 .99 . 9 3 . 9 7 .69
This  i s  p e p t i d e  T-2a  ( R e s i d u e s  # 1 7 - 2 9 )














Ta ble  13 . Amino a c i d  r e s i d u e  c om pos i t i on  o f  p e p t i d e  T-2b (R e s id u e s  # 3 0 - 3 1 )
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i n  t h e  p i n n i p e d  maps, bu t  was not  found in  t h e  sperm whale myoglobin 
maps. I t s  recov er y on t h e  f u r  se al  p e p t i d e  map i n d i c a t e s  t h a t  the  
carboxyl  t e r m i n a l  amino a c i d  o f  t h a t  p e p t i d e  i s  a r g i n i n e  r a t h e r  than
l y s i n e  b u t  t h e  c o n ta m in a t io n by g l y c i n e  and l y s i n e  i s  u n e x pl a in ed .
Harbor  se al  I le - A r g
Phocids I le -A rg
Walrus I le -A rg
Fur s e a l
P e p t i d e  T - 3 , Residues  # 3 2 - 3 4 .  This p e p t i d e  i s  i d e n t i c a l  in  a l l  
s p e c i e s  examined.
Harbor  s e a l  Leu-Phe-Lys
All p i n n ip e d s  Leu-Phe-Lys
Sperm whale Leu-Phe-Lys
P e p t i d e  T - 4 , Residues  #3 5- 42 .  This p e p t i d e  was mixed wi th  T - l 5 
i n  t h e  phocid  maps examined.
The a l a n i n e  c o n ta m in a t io n of  sperm whale T-4 i s  un e xpla in ed .
I t  c ould  be due t o  f r e e  a l a n i n e  from p o s i t i o n  #90 r e l e a s e d  by 
ch ym o t r y p t i c  c le a v a g e .  The f r e e  amino a c id  a l a n i n e  does o c c u r  in  
t h i s  ge n e ra l  a r e a  as i s  seen from t h e  t r a c i n g  o f  t h e  map o f  s e l e c t e d  
amino a c i d s .
In t h e  f u r  s e a l  and walrus  maps, t he  comparable p e p t i d e  s p o t  
y i e l d e d  an a n a l y s i s  p r ov id in g f o r  r e c o g n i t i o n  of  T - l 5 b u t  t h e  r e ­
maining d a t a  d id  n o t  resemble a t y p i c a l  T-4 p e p t i d e .  The d a t a  r e ­
maining from t h e  wa lru s  a n a l y s i s  s u g g e s t s  t h a t  both t h r e o n i n e  and 
s e r i n e  have been r e p l a c e d  by g l y c i n e  and a l a n i n e .  In h o r se  and bo­
vi ne  myoglobins ,  p o s i t i o n  #35 is  occupied by g l y c i n e  (Dautre va ux  e t  a l . ,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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1 9 6 9 ) .  The low recovery o f  h i s t i d i n e  i s  unex plained and t he  sequence 
proposed i s  q u e s t i o n a b l e .  This  sequence i s  not  i nc l ud e d in t he  one 
proposed f o r  walrus  and f u r  s e a l  myoglobins s i n c e  t he  f u r  s e a l  d a ta  
was l e s s  c o n c lu s i v e  and i s  not  i ncl ude d  a t  a l l .
Harbor  s e a l  Ser-His-Pro-Glu-Thr-Leu-Glu-Lys
Phocids Ser-His-Pro-Glx-Thr-Leu-Glx-Lys
Walrus Gly-His-Pro-Glx-Ala  Leu-Glx-Lys
Sperm whale Ser-His-Pro-Glu-Thr-Leu-Glx-Lys
P e p t i d e  T - 5 a , Residues # 4 3 - 4 5 .  The recovery of  t he  amino te r m in a l  
phe n y la l a n i n e  i s  poor.  While t h i s  p e p t i d e  was s e r i o u s l y  contaminated 
in  a l l  bu t  t h e  sperm wh al e ,  i t  i s  e v i d e n t  t h a t  t he  s u b s t i t u t i o n  o f  
l y s i n e  f o r  a r g i n i n e  seen i n  t h e  h a rb or  s e a l  p e r s i s t s  through tho se  
pi nnip ed s  examined.
Harbor s e a l  Phe-Asp-Lys
All pin nip ed s  Phe-Asx-Lys
Sperm whale Phe-Asp-Arg
P e p t id e  T - 5 b , Residues # 4 6 - 4 7 .  This p e p t i d e  from myoglobins of  
f u r  se al  and walrus  was o c c a s i o n a l l y  po or ly  re s o l v e d  from t h e  c o r r e s ­
ponding T-16 p e p t i d e  t y r o s i n e - a r g i n i n e .  N e v e r t h e l e s s ,  t h e  composi tion 
o f  t h i s  p e p t i d e  i s  i d e n t i c a l  f o r  t h e  s p e c i e s  examined.
Harbor  se al  Phe-Lys
All pi nnip ed s  Phe-Lys
Sperm whale Phe-Lys
Pe p t i d e  T - 6 , Residues # 4 8 - 5 0 .  The c o n s i s t e n t  values  o b t a i n e d  f o r  
t h i s  p e p t i d e  i n d i c a t e  i d e n t i t y  f o r  t h i s  sequence in a l l  s p e c i e s  examined.
























Ta ble  15 Amino a c i d  r e s i d u e  c o m p o s i t i o n  o f  p
Phoci dae
l l la tx 'io -  B rig -  L cpiony-  
Phoca phoca n ath u s ch o tes  
AA e x p . *  r e f .  exp .  e x p *  e x p . *




i s i d u e s  # 3 5 - 4 2 )
O t a r i  i dae
C a llo rh in u s
exp.
Ce ta ce a
P h y s e te r  
e xp.  r e f .
Asp •
Thr  . 7 3  -  1 . 7 2  .81 . 7 9  
S e r  . 7 7  -  1 . 8 7  . 7 4  . 7 9
. 7 8  -  1 
.61 = 1
Glu 2 . 1 2  -  2 2 . 1 1  2 . 2 5  2 . 3 0
Pro . 8 3  -  1 . 6 8  . 8 8  . 7 5
m  .61Gly
2 . 1 8
+
1 . 9 1  -  2 
. 6 3  -  1





Leu 1 . 1 9  = 1 1 . 1 4  1 . 1 4  1 . 3 0
Tyr
1 .01 1 . 0 4  a 1
Phe
Lys 1 . 1 6  * 1 . 1 . 1 7  1 . 0 7  1 . 0 0  
His . 8 6  = 1 . 8 3  1 . 0 5  .71
1 . 0 6  
.42
1 . 2 4  -  1 
1 . 0 0  “ 1
Arg
Trp












Ta ble  16 Amino a c i d  r e s i d u e  c o m p o s i t i o n  o f  p e p t i d e  T-5a (R e s id u e s  # 4 3 - 4 5 )
Phoca 







. 9 9  *  1
P ho c id ae











. 7 9 .9 9
. 3 9 . 53
Odobenidae
Odobenus 
e x p . ______
.91 1
. 3 4
O t a r i  i dae
C a llo rh in u s
exp.
1 . 0 3 1
.46
.34
Cet a ce a
P h y s e te r  
exp. r e f .



















1 . 3 7
. 3 8
.72
1 . 0 9
.3 4
.60
1 . 0 0
.59
1 . 0 9
.36
.68  *  1
Arg
Trp













Ta b l e  17 Amino a c i d  r e s i d u e  c o m p o s i t i o n  o f  p e p t i d e  T- 5b ( R e s id u e s  # 4 6 - 4 7 )
AA
Ph oc id ae
H-Lstvio- 
Phoca phoca  
exp. r e f .  exp.
E r ig -








O t a r i i d a e  
C a llo rh in u s
exp.
Cet ace a
P h y s e te r  
















. 7 2  -  1 . 6 9  
1 . 2 8  = 1 . 1 . 2 8
.61
1 . 0 0
. 7 8
1 . 2 5
. 7 8  = 1 
1 . 0 8  -  1
. 56 - 1 
1 . 0 9  - 1
. 7 2 - 1  















Ta b l e  18 Amino a c i d  r e s i d u e  c o m p o s i t i o n  o f  p e p t i d e  T-6  (R e s id u e s  # 4 8 - 5 0 )
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Harbor seal  His-Leu-Lys
All pinnipeds  His-Leu-Lys
Sperm whale His-Leu-Lys
Pept ide  T - 7 , Residues # 5 1 - 5 6 .  On occ asi on  t h i s  p e p t i d e  was found 
as two s p o t s .  This i s  c o n s i s t e n t  wi th  t h e  work o f  Dautrevaux e t  a l . ,
( 1 9 6 9 )  who found T-7 in  two d i s t i n c t  peaks upon ion-exchange chromato­
graphy of p e p t i d e  mixtures  o f  bovine myoglobin.  This i s  a t t r i b u t e d  t o  
t h e  formation of  t he  s u l f o x i d e  of  m e t h io n i n e .  In t h e  work r e p o r t e d  
here  t h e  a n a l y s i s  o f  t he  p e p t i d e  s p o t  wit h  t h e  h i g h e r  value  u s u a l l y  
d i s p l a y e d  a methionine  s u l f o x i d e - s u l f o n e  peak equal  in  s i z e  t o  t h e  
methionine  peak. The o x i d a t i o n  o f  m e th io nin e  i s  t h e  cause  o f  t he  
v a r i a b l e  recovery o f  t h i s  amino a c i d  f o r  t h i s  p e p t i d e .  The lo ss  
was e x c e s s i v e  f o r  t he  p e p t i d e  from t h e  myoglobins o f  Weddell se al  
and sperm whale.  The hi g h ly  v a r i a b l e  value  f o r  a l a n i n e  seen in 
t h e  phocid an aly se s  is  a t t r i b u t e d  t o  f r e e  a l a n i n e .  This could  a r i s e  
from p o s i t i o n  #90 from chymot ry pt i c  t y p e  c le av ag e o r  could  be due t o  
t h e  p e p t i d e  Ala-Ala-Lys ( # 1 4 3 - 1 4 5 ) .  The c le a va ge  between I l e - A l a  
( # 1 4 2 - 1 4 3 )  would produce such a p e p t i d e .





Pept ide  T - 8 , Residues # 5 7 - 6 2 .  In t h e  p h o c i d s ,  t h i s  p e p t i d e  was 
u s u a l l y  poorly  r e s o l v e d  from T - 13 ,  a p e p t i d e  with 5 a l a n i n e  r e s i d u e s .  
One map of  Weddell se al  myoglobin pr o v id e d  a f a i r l y  well  r e s o l v e d












T a b l e  19 Amino a c i d  r e s i d u e  c o m p o s i t i o n  o f  p
Ph oc id ae
H is t r i o -  E r ig -  L eptony-  
Phooa phoca n a th u s ah o tes  
AA exp. r e f .  exp.  exp.  exp.




Residues # 5 1 - 5 6 )
O t a r i  i d a e
C a llo rh in u s
exp.
Ce ta ce a
P h y s e te r  
exp. r e f .
Asp 2 . 3 7  -  2 2 . 3 8  1 . 9 3  1 . 6 2
Tnr
S e r  . 7 4  -  1 . 7 0  . 9 3  .92
•1.29 *  1 
. 6 9  = 1
1 . 0 0  -  1
. 7 3  -  1
. 8 8  -  1 
. 8 3
. 6 5  = 1
Glu 1 . 2 3  = 1  1 . 2 8  1 . 4 1  1 . 3 8
Pro
Glv
2 . 3 0  = 2 2 . 2 4  -  2 2 . 8 0  -  3
Ala 1 . 0 4  2 . 0 0  . 5 9  .4 6
Val
Met . 9 2  *  1 . 7 9  . 9 7  .4 2
.31 
. 8 6  * 1 . 7 6  * 1
2 . 1 2  -  2 






Lys . . 5 9  .35  
His . 3 0
1 . 1 0  -  1 1 . 1 0  -  1 2 . 0 7  -  1
Arg . 9 0  *  1 . 8 2  . 7 7  1 . 0 0  
Trp
T- 8  p e p t i d e ,  though t h e  ne ig hb or in g T-13  e vi d e n c e d  i t s e l f  w i t h  an
a l a n i n e  c o n t a m i n a t i o n .  The T-8 p e p t i d e  from whale  myoglobin con­
t a i n e d  a second l y s i n e  co rre s po nd in g t o  p o s i t i o n  # 6 3 .
No p e p t i d e s  r e c o g n i z a b l e  as T-8  were found in  t h e  f u r  s e a l  and 
w a lr us  myoglobin maps.
Harbor  s e a l  Ser-Glu-Asp-Leu-Arg
Phocids  Ser-Glx-Asx-Leu-Arg
Sperm whale Ala-Ser-Glu-Asp-Leu-Lys-Lys  
P e p t i d e  T - 9 b , Residues # 6 3 - 6 9 .  This p e p t i d e  i s  produced by a 
c h y m o t r y p t i c  ty p e  o f  c le a va ge .  There i s  a d i f f e r e n c e  between t h e
sperm whale myoglobin sequence and t h a t  o f  t h e  h a r b o r  s e a l .  This
d i f f e r e n c e  p e r s i s t s  in  the  phocids  examined. In some p h o c id  maps,  
t h e r e  was inc om pl e te  r e s o l u t i o n  o f  t h i s  p e p t i d e  from T- 16  ( T y r - L y s ) .
This was r e a d i l y  c o r r e c t e d  f o r .  The f u r  s e a l  s e qu enc e i s  d i f f e r e n t  
from sperm whale and ha rbo r  s e a l  by two r e p l a c e m e n t s .  A T-9b p e p t i d e  
was no t  found in  t h e  map o f  wa lru s  myoglobin.
Harbor  s e a l  His-Gly-Asp-Thr-Val-Leu 
Phocids  His-Gly-Asx-Thr-Val-Leu
Fur  s e a l  His-Gly-Gly-Ala-Val-Leu 
Sperm whale His-Gly-Val-Thr-Val-Leu
P e p t i d e  T - 9 c , Residues # 7 0 - 7 7 .  This p e p t i d e  r e s u l t s  from a chymo­
t r y p t i c  t ype  o f  c le a v a g e .  The composit ion of  t h i s  p e p t i d e  i n  t h e  pho­
c i d s  a pp e ar s  t o  be t h e  same as t h a t  f o r  t h e  h a r b o r  s e a l .  The c o r ­
r e s pondin g  p e p t i d e  f o r  f u r  s e a l  and walrus  myoglobin i s  d i f f e r e n t  as 
e vi d e n c e d  by t h e  f a c t  t h a t  t h e  a n a l y s i s  i n d i c a t e s  a p e p t i d e  two r e s i d u e s
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Ta ble  21 Amino a c i d  r e s i d u e  c o m p o s i t i o n  o f  p
Ph oc id ae
H is tr io -  E rig - Leptony- 
Phooa phoca nathus chotes 
AA exp.  r e f .  exp.  exp.  exp.




Residues  # 6 4 - 6 7 ]
O t a r i  i d a e
CaHorkinus
exp.
C e t a ce a
Physeter 
exp.  r e f .
Asp . 9 5  “ 1 . 9 5  . 8 9  .7 9  
Titr . 7 2  -  1 .71 .9 2  . 9 0
S e r
.3 9
1 . 0 0  -  1
Glu
Pro
Gly 1 . 1 8  “ 1 1 . 2 2  1 . 1 6  1 .2 1
1.1 1  -  1 
1 .0 1  = 1 1 . 3 8  = 1
Ala
Val . 8 0  -  1 . 9 2  . 8 9  .8 6
Met
1 . 0 6
1 . 0 5  * 1 2 . 2 8  *  2
H e
Leu 1 . 2 7  -  1 1 . 3 7  1 . 1 5  1 . 2 7
Tyr
1 . 0 2  k 1 1 . 3 3  -  1
Phe
Lys ,




l o n g e r ,  ( T - 9 e ) .
Harbor s e a l  Thr -Ala-Leu-Gly-Gly-I le-Leu-Lys
Phocids Thr -Ala-Leu-Gly-Gly-I le-Leu-Lys
Sperm whale Th r-A la-Leu-G ly-Ala-I le-L eu-Lys
P e p t id e  T - 9 e , Residues # 6 8 - 7 7 .  This  p e p t i d e  was seen only in  t h e  
myoglobins from f u r  se al  and w a l r u s .  In t he  w a l r u s ,  p h e n y la l a n i n e  has 
been s u b s t i t u t e d  f o r  one o f  t h e  l e u c i n e s .
Harbor s e a l  Val-Leu-Thr-Ala-Leu-Gly-Gly-I le-Leu-Lys
Walrus V al ( L e u )T h r -A la ( L e u ) G l y -G ly - I l e (P h e) L y s
Fur s e a l  Val-Leu-Thr-Ala-Leu-Gly-Gly-I le-Leu-Lys
Sperm whale Val-Leu-Thr-Ala-Leu-Gly-Ala-I le-Leu-Lys
P e p t id e  T - 1 0 , s e r i e s  10a and 10b,  Residues # 7 8 - 9 6 .  The a n a l y t i c a l
values  o b t a i n e d  f o r  t h i s  p e p t i d e  are  b e s t  a t t r i b u t e d  t o  a p e p t i d e  con­
t a i n i n g  t h r e e  l y s i n e s ,  hence,  18 r e s i d u e s  long.  The sometimes marginal  
value  f o r  l y s i n e  i s  most prob ably  due t o  t h e  f a c t  t h a t  one l y s i n e  r e ­
s i d u e  i s  amino t erm ina l  in  t h e  p e p t i d e  and s u b j e c t  t o  low rec overy.
I t  w i l l  be noted t h a t  t h e r e  i s  a "family"  o f  T-10 p e p t i d e s  in  t he  same 
a r e a  of  t h e  map. Recogni tion o f  t h e  c e n t e r  o f  one s p o t  r e l a t i v e  t o  t he  
c e n t e r  o f  a ne ighbori ng s p o t  i s  d i f f i c u l t  s i n c e  l a r g e  pe p t i d e s  do not  
produce e q u i v a l e n t  amounts o f  c o l o r ,  and r e l a t i v e  amounts o f  neigh bori ng  
p e p t i d e s  may vary.  The e x a c t  composi tion o f  t he  m a t e r i a l  e l u t e d  from 
t h e  p e p t i d e - c o n t a i n i n g  pa pe r  may r e f l e c t  t he  wisdom o f  a given d e c i s i o n  
when c u t t i n g  t h e  p e p t i d e  s p o t  pa pe r .  P a r t i c u l a r l y  when p e p t i d e s  are  
c l o s e  t o  one a no th e r .  N e i t h e r  T-lOa nor  T-lOb were found in  t he  sperm 
whale maps.












Ta b l e  22 Amino a c i d  r e s i d u e  c o m p o s i t i o n  o f  p
Ph oc id ae
U-Lsbvlo- E rig- Leptony- 
Phoca phoca nathus chotes 
AA exp. r e f .  exp .  exp.  exp.





'Residues  # 6 8 - 7 7  
[ Re sid ue s  # 6 6 - 7 7







exp.  r e f .
Asp
Thr  . 6 4  “ 1 . 7 0  . 7 9  .6 4
S e r
1 . 3 3  -  1 1 . 8 7  -  2 . 9 6  *  1
Glu . 3 2  .31 . 3 3  .34
Pro
Glv 2 . 1 0  * 2 2 . 0 8  2 . 1 2  1 . 9 6
. 5 4  
1 . 9 0  = 2 1 . 9 5  -  2 1 . 8 3  “ 2
Ala 1 . 0 0  = 1 . 9 8  1 . 0 5  1 . 0 5
Val
Met
1 . 2 0  = 1 1 . 0 8  ~ 1 2 . 2 5  -  2
H e  . 9 2  = 1 . 9 0  . 9 7  .9 5  
Leu 2 . 3 3  -  2 2 . 3 6  2 . 3 8  2 . 4 4
Tyr
. 7 8  = 1 
2 . 3 4  * 2
1 . 0 3  -  1 
3 . 1 2  -  3
. 9 2  -  1 
1 . 7 9  = 2
Phe . 3 5  .31 . 3 8  
Lys . 8 2  * 1 . . 8 5  .9 6  .8 2
His
1 . 0 7  a 1 















Tab le  23  Amino a c i d  r e s i d u e  c o m p o s i t i o n  o f  p e p t i d e  T- 10a ( R e s i d u e s  # 7 9 - 9 6 )
10b ( R e s id u e s  # 7 8 - 9 6 )
oo00
89
A c l e a r - c u t  T-lOa o r  T-lOb was n o t  found on t h e  be ard ed  s e a l  maps. 
There were s p o t s  i n  t h e  p r o p e r  a r e a s  f o r  t h e s e  p e p t i d e s ,  b u t  t h e  r e ­
covery was too low t o  pe rm it  d e f i n i t i v e  a n a l y s e s .  Q u a l i t a t i v e l y ,  t h e  
a n a l y s e s  resem bled t h e  T - 10 s e r i e s .  T-lOd was found f o r  bearded s e a l ,  
s u g g e s t i n g  t h a t  t h e  problem e n c o u n te re d  f o r  T-lOa o r  T-lOb was not  
due t o  a marked d i f f e r e n c e  i n  t h e  p e p t i d e  sequence.
Harbor  s e a l  Lys-L ys-Gly -His-His- Glu-A la-Glu -Le u-Ly s-Pro- Leu
A l a -G ln -S e r-H is -A la -T hr-Ly s
H a r bo r ,  r i b b o n ,  Lys-Ly s-Gly-H is-His-Glx -Ala-G lx-Le u-Ly s-Pro- Leu  
and b e a rd e d  s e a l
Ala-Glx-Ser-Hi  s-A la- T hr- Ly s  
Sperm whale  Lys-L ys-Gly -His-His- Glu-A la-Glu -Le u-Ly s-Pro- Leu
A l a -G ln -G ln -S e r-H is -A la -T hr -L ys  
P e p t i d e  T - l Q d , Residues  # 9 0 - 9 6 .  This " s u b - p e p t i d e "  of  T-lOa i s  
h e l p f u l  i n  t h e  a l i gn m e nt  by homology f o r  t h i s  long peptide: sequence and 
i s  c o n s i d e r e d  i d e n t i c a l  f o r  a l l  s p e c i e s  examined. This p e p t i d e  was no t  
found in  maps o f  Weddell s e a l  myoglobin.  S in c e  T-lOa was determined f o r
t h i s  s p e c i e s ,  t h e  T-lOd p e p t i d e  was no t  pur sue d when d u p l i c a t i o n  f a i l e d
t o  r e c o v e r  i t .
Harbor  s e a l  Al a -G lu - S e r- H i s- A l a -T hr -L ys  
All p i n n i p e d s  Al a -G lx - S e r- H i s- A l a -T hr -L ys  
Sperm whale  Al a -G ln - Se r- H is - A la -T hr -L ys
P e p t i d e  T - l 1 , Residues # 9 7 - 1 0 2 .  This p e p t i d e  showed t h e  same com­
p o s i t i o n  f o r  a l l  s p e c i e s  examined. I t  i s  concluded from t h i s  d a t a ,  t h a t  
t h e  sequence f o r  t h i s  p e p t i d e  i s  i d e n t i c a l  in  a l l  s p e c i e s  examined.












T a b l e  24  Amino a c i d  r e s i d u e  c o m p o s i t i o n  o f  p
Ph oc id ae
His t r i o -  E r ig -  L eptony-  
Fhocci phoca n ath u s ch o tes  
AA exp. r e f .  exp .  exp.  exp.




( R e s id u e s  # 9 0 - 9
O t a r i  i dae
C a llo rh in u s
exp.
6 )
Ce ta ce a
P h y s e te r  
exp. r e f .
Asp . •
Thr  . 7 0  *  1 . 8 0  . 8 8  
S e r  . 7 7  -  1 . 8 4  .8 7
. 3 8
. 7 0  * 1 
.7 0  * 1
.39
.7 4  -  1 
. 7 5  *  1
. 7 2  -  1 
. 8 8  *  1
Glu 1 . 3 3  -  1 1 . 1 0  1 .11
Pro ' 
Gly
1 . 1 3  « 1 1 . 1 0  -  1 1 . 3 6  -  1
Ala 1 . 6 8  = 2 1 . 8 0  1 . 7 3
Val 
He t
1 . 6 9  *  2 1 . 8 0  = 2 1 . 7 2  = 2
H e
Leu . 5 4  . 3 5  
Tyr
. 3 8 .31
Phe
Lys 1 . 0 0  -  1 . . 9 8  1 .1 1  
His 1 . 0 4  . 1  1 . 0 4  1 . 0 7
1 . 4 0  *  1 
1 . 0 8  -  1
1 . 1 8  *  1 
1 . 0 6  = 1
1 . 3 6  = 1 















T a b l e  25 Amino a c i d  r e s i d u e  c o m p o s i t i o n  o f  p 
P hoc id ae
E is tr io -  E rig - Lsptony- 
Fkoca phoca nathus chotes 
AA exp. r e f .  exp.  exp.  exp.




Residues # 9 7 - 1 0 2




Cet a ce a
Physeter 





Pro . 8 5  -  1 1 . 0 2  . 9 8  .71
Gly




H e  2 . 3 5  = 2 1 . 9 8  2 . 1 5  2 . 3 2
Leu
Tyr
1 . 7 8  = 2 1 .9 1  = 2 2.10 -  2
Phe
Lys 2 . 0 6  -  2 ,  1 . 8 3  1 . 9 6  2 . 1 8  
His .75 a i .66 . 7 5  .7 7
2 . 1 4  “ 2 
. 8 5  -  1
2.01 * 2 
. 6 9  - 1
2 . 1 9  -  2 




Harbor s e a l  H i s - L y s - I l e - P r o - I l e - L y s
All pin nip ed s  H i s - L y s - I l e - P r o - I l e - L y s
Sperm whale H i s - L y s - I l e - P r o - I l e - L y s
P e p t id e  T - l l b a Residues # 9 9 - 1 0 2 .  This s h o r t  p e p t i d e  was not  r e ­
covered from a l l  phocid maps. I t  was reco ve red  from walrus  and f u r  
s e a l  and helped  e s t a b l i s h  i d e n t i t y  in  t h i s  a re a  o f  th e  sequence.
Harbor s e a l  I l e - P r o - I l e - L y s
Walrus & f u r  seal  I l e - P r o - I l e - L y s  
Sperm whale I l e - P r o - I l e - L y s
Pe p t id e  T - 1 2 a , Residues # 1 0 3 - 1 0 6 .  This p e p t i d e  provide d poor  
d a t a .  The low recovery f o r  t h e  t y r o s i n e  r e p o r t e d  elsewhere  was ex­
treme here  and may be due t o  contam inat io n with  t h e  "s ub -p e pt id e"  
(Leu -G lu- Phe ) .
In t he  pe p t i d e  maps o f  walrus  myoglobin,  t h e r e  was incomplete  
r e s o l u t i o n  of  t h i s  pe p t i d e  from T - l d .  As mentioned in  the  d i s ­
cu ssi on  o f  T - l d ,  i t  i s  p o s s i b l e  t o  " e x t r a c t "  T-12a  from t he  a n a l y t i c a l  
r e s u l t s ,  however.
Harbor se al  Tyr-Leu-Glu-Phe
All pinnipeds  Tyr-Leu-Glx-Phe
Sperm whale Tyr-Leu-Glu-Phe
Pept id e  T - l 2 b , Residues # 1 0 7 - 1 1 5 .  This p e p t i d e  was not  found in 
any o f  t h e  maps.
Pe p t id e  T - 1 2 c , Residues # 1 1 6 - 1 1 8 .  This p e p t i d e  was v a r i a b l y  con­
ta m in a te d by t h e  neighboring f r e e  amino a c id  l y s i n e .  The p e p t i d e  from 
t h e  myoglobin o f  f u r  seal  and walrus  occupied t he  same a re a  as t he






































Ta ble  2 8  Amino a c i d  r e s i d u e  c o m p o s i t i o n  o f  p e p t i d e  T- 12c  ( R e s i d u e s  # 1 1 6 - 1 1 8 )
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co rre s po nd in g  p e p t i d e  in  t he  p h o c id s ,  but  a n a ly s e s  i n d i c a t e d  a g ly ci ne  
f o r  s e r i n e  s u b s t i t u t i o n .  This f i n d i n g  was r e p r o d u c i b l e .
Harbor se al  His-Ser-Lys
Phocids His-Ser-Lys
Walrus & f u r  s e a l  His-Gly-Lys
Sperm whale His-Ser-Lys
P e p t id e  T - l 3 , Residues # 1 1 9 - 1 3 2 .  In t h e  p h o c i d s ,  t h i s  p e pt id e  
was u s u a l l y  po or ly  r e s o l v e d  from T-8.  As a r e s u l t ,  t h e s e  two pe p t i d e s  
a r e  only p r o v i s i o n a l l y  i d e n t i f i e d .  This p e p t i d e  was not  found in  the  
maps o f  bearded s e a l ,  w a l r u s ,  Weddell s e a l ,  and f u r  s e a l  myoglobin.
Harbor s e a l  His -Pr o-A la- Gln-Phe-Gly-Ala-Asp-Ala-Gln-Ala-Ala-  
Met-Lys
Phocids ( 2 )  His -Pr o-A la- Gln-Phe-Gly-Ala-Asp-Ala-Gln-Ala-Ala-  
Met-Lys
Sperm whale His-Pro-Gly-Asn-Phe-Gly-Ala-Asp-Ala-Gln-Gly-Ala-  
Met-Asp-Lys
Pe pt id e  T - 1 4 , Residues # 1 3 4 - 1 3 9 .  The d a ta  f o r  t h i s  p e p t i d e  i n ­
d i c a t e s  t h a t  t h i s  p o r t i o n  o f  t h e  molecule i s  i d e n t i c a l  f o r  a l l  s p e c i e s  
examined.
Harbor se al  Ala-Leu-Glu-Leu-Phe-Arg
All pi nn ip ed s  Ala-Leu-Glx-Leu-Phe-Arg
Sperm whale Ala-Leu-Glu-Leu-Phe-Arg
Pe p t id e  T - 1 5 , Residues # 1 4 0 - 1 4 5 .  This p e p t i d e  i s  unique in  com­
p o s i t i o n  and r e a d i l y  i d e n t i f i e d  in i t s  mixture  w i t h  T-4 in  the  phocids.






































Tab le  31 Amino a c i d  r e s i d u e  c o m p o s i t i o n  o f  p e p t i d e  T- 15 ( R e s i d u e s  # 1 4 0 - 1 4 5 )
AA exp
Phoca 









H is tr io -
phoca
exp.
E w g -
n ath u s
e x p . *
Leptony-
ch o tes
e x p . *




' 1 . 7 4  -  2




C e ta cea
P h y s e te r  













1 . 0 0  « 1
. 64 . 7 6 . 79 . 7 9 - 1 , 75
. 97 1 . 2 4 . 99 1 . 21  = 1 1 . 1 9
.91 « 1
1 . 0 5  -  1
Arg
Trp
*Dat a  d e r i v e d  'from u n r e s o l v e d  p a i r s .
lOKO
100
Harbor  s e a l  Asn-Asp-I le-Ala-Ala-Lys  
All pi n n ip e d s  Asx-Asx-I le-Ala-Ala-Lys  
Sperm whale Asp -I le-Al a-A la-Lys
P e p t i d e  T - 1 6 , Residues # 1 4 6 - 1 4 7 .  The low recovery o f  t y r o s i n e  has
been t r e a t e d  e ls e w h e r e .  The Tyr-Arg p e p t i d e  found in wal rus  and f u r
s e a l  i s  po orly  r e s o l v e d  from T-5b ( P h e - L y s ) .  The b e s t  valu es  were
o b t a i n e d  from t h e  walrus  map.
Harbor se al  Tyr-Lys
Phocids Tyr-Lys
Walrus Tyr-Arg
f u r  s e a l
Sperm whale Tyr-Lys
P e p t i d e  T - l 7 , Residues # 1 4 8 - 1 5 3 .  This i s  the  carboxyl  t e r m i n a l  
p e p t i d e  o f  t h e  myoglobin.  The composi tion o f  t h i s  p e p t i d e  i n  phocid
myoglobins was i d e n t i c a l .  The walrus  and f u r  se al  myoglobins a re  seen
t o  s t a n d  somewhere between t he  phocids and t h e  sperm whale in  t h i s  
p e p t i d e .  T h e i r  myoglobins pos ses s  t he  p he nyla la ni ne  o f  t h e  phocid  
myoglobins bu t  t h e  glutamine o f  t h e  sperm whale myoglobin.
Harbor s e a l  Glu-Leu-Gly-Phe-His-Gly
Phocids  Glx-Leu-Gly-Phe-His-Gly
W alrus ,  f u r  s e a l  Glx-Leu-Gly-Phe-Glx-Gly 
Sperm whale Glu-Leu-Gly-Tyr-Gln-Gly
Myoglobin Sequence
I t  i s  now p o s s i b l e  t o  assemble t h e  i n d i v i d u a l  p e p t i d e s  i n t o  t h e  
l a r g e r  p a r e n t  myoglobin molecule.  Comparative sequences are  given f o r  
t h e  myoglobin o f  t h e  phocid s e a l s ,  t he  n o r th e r n  f u r  s e a l  and t h e  walrus
























Ta b l e  33 Amino a c i d  r e s i d u e  c o m p o s i t i o n  o f  p
P hoc id ae
H is tr io -  E n g -  Leptony- 
Phoca phoca nathus ckotes 
AA exp. r e f .  exp.  exp.  exp.




Resi dues  #148 -1




Ce ta ce a
Physeter 




Glu . 7 2  “ 1 . 8 0  . 7 6  .81
Pro
Pl v  2 . 2 3  -  2  2 . 0 0  2 . 2 4  2 . 3 0
1 . 8 6  -  2 
2 . 0 8  -  2
1 . 7 8  = 2 
1 . 9 7  -  2
2 . 2 9  -  2 





Leu 1 . 1 9  -  1 1 . 1 7  1 . 1 4  1 . 1 8
Tyr
1 . 0 7  -  1 1 . 1 5  -  1 . 8 2 - 1  
. 56  -  1
Phe . 9 8  = 1 . 8 6  . 9 7  1 . 0 0
Lys






in  f i g u r e s  1 3 ,  1 4 ,  and 15.  These sequences  a re  given in terms o f  t h e  
one l e t t e r  code o f  t h e  amino a c i d s  (D a yh of f  1 9 6 9 ) .  The sequence f o r  
h a r b o r  s e a l  myoglobin (Bradshaw and Gurd 1 9 6 9 )  i s  employed as a ba se.  
The u n c e r t a i n t y  i n h e r e n t  i n  t h e  pl acement  o f  g l u t a m i c  a c i d - g l u t a m i n e  
and a s p a r t i c  a c i d - a s p a r a g i n e  i s  i n d i c a t e d  by t h e  use o f  "Z" and "B" 
r e s p e c t i v e l y .  An e n t r y  i s  made on ly  i f  t h e r e  i s  a d i f f e r e n c e  in  t h e  
sequence gi v en .  The dashed l i n e s  w i t h i n  b r a c k e t s  i n d i c a t e  p e p t i d e s  
f o r  which no i n f o r m a t i o n  was o b t a i n e d .













Four  Phocids  
Har bor  Seal
Sperm Whale 
Four Phocids  
Harbor  Seal
Sperm Whale 
Four Phocids  
Harbor  Seal
Sperm Whale 
Four  Phocids  
Harbor  Seal
F i g u re  12.
V E Q H A A V I
G B Z H  [ --------------- ]  Z T B L  Z Z V  Z Z
G L S D G E W H L V L N V W G K V E T D L A G H G Q E V L I R L F K S H P E T L E K
10 20 30 40
l c Id l e 2a
2
2b I
50 6 0  70
R A E K A  K V  A
B R Z B B R[—]  Z B R B G
F D K F K H L K S E D D M R R S E D L R K H G N T V L T A L G G I L K















120 1 3 0 1 5 014 0
GN G D  K K Y Q
Z Z B Z  Z B B  K Z F
H P A Q F G A D A Q A A M K K A L E L F R N D I A A K Y K E L G F H G  
| 13 | a |  14 | 15 116 | 17 |
Su g g e s te d  amino a c i d  seq uen ce  o f  t h e  myoglobin o f  t h e  f o u r  ph oc id s:  B e r in g  Sea h a r b o r  s e a l ,
r ib bo n s e a l ,  be a rd e d s e a l ,  and Weddell s e a l .  T - l 3 was n o t  found f o r  b e a rd e d  s e a l  and Weddell 

























V E Q H A A V I .
G B Z Z  [ .....................]  A B L  Z Z V  [ - .............................. - ]
G L S D G E W H L V L N V W G K V E T D L A G H G Q E V L I R L F K S H P E T L E K
10 20 30 40
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120 1 3 0
G N G
11







R Z F Z[..................  3 z
H P A Q F G A D A Q A A M K K A L E L F R N D I A A K Y K E G F H G  
| 13 I a | 14 | 15 11 6 1 17 |
F i g u re  13 .  Su g g e s te d  amino a c i d  sequ enc e o f  t h e  myoglobin o f  t h e  w a l r u s .  P a r e n t h e s i z e d  dashes  















Sperm Whale V E Q H A
Fur Seal G B Z z [ ---------------:
H ar bor  Seal G L S D G E W H L V L N V W G K
1 1c | I d | l e
50
Sperm Whale R A E K A
Fur  Seal B K Z B Z K[- -
Ha rb or  Seal F D K F K H L K S E D D M R R S
| 5a | 5b|  6 1 7 I a |
80 9 0
Sperm Whale
Fur  Seal [ ....................... -  - ---------------]  Z
Harbor  Seal K K G H H E A E L K P L A Q S H
I 10a
I 10b
10c | l Od
120 1 30
Sperm Whale G N G D
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R Z F Z
H P A Q F G A D A Q A A H K K A L E L F R N D I  A A K Y K E L G F H G
a
13 j a |  14 | 15 11 6 1 17
F i g u r e  14 .  S u g g e s te d  amino se quence o f  t h e  myoglobin o f  t h e  n o r t h e r n  f u r  s e a l .  P a r e n t h e s i z e d  









The f o s s i l  re c o r d  of  t h e  pi nnipeds  begins  with  forms a lr e a d y  
h i g h l y  adapted and s p e c i a l i z e d  (Romer, 1 9 6 2 ) .  They are  g e n e r a l l y  
c o n s id e r e d  t o  have evolved from creodont  a n c e s t o r s  which were p r e ­
v a l e n t  dur ing t he  Pa leo c e ne ,  75 m i l l i o n  y e a r s  ago. A branch o f  the  
c r e o d o n t s ,  t h e  Miacidae,  s u r v i v e d  t h e i r  c re odo nt  p r o g e n i t o r s  and a t  
t h e  end o f  t h e  Eocene, some 60 m i l l i o n  y e a rs  ago,  gave r i s e  t o  the  
t h r e e  major  branches o f  t h e  Carnivora: t h e  F e l o i d e a ,  t h e  Canoidea,  and 
t h e  P i n n i p e d i a .  The p r e c i s e  rank and r e l a t i o n s h i p  o f  t h e  pinn ipeds  
t o  o t h e r  groups i s  not  s e t t l e d .  Recent work s u g g e s t s  t h a t  t h e  pinn­
ipeds  should  be p l a c e d  w i t h i n  t h e  Canoidea as a s ub or de r  ( S a r i c h ,  1 9 6 9 a ) .  
This co n c lu s i o n  was drawn from t h e  r e s u l t s  o f  immunological s t u d i e s  
based on albumin as t h e  p r o t e i n  marker.  No l i g h t  can be shed on t h i s  
problem by t h e  s t u d y  r e p o r t e d  h e re .
The r e l a t i o n s h i p s  and ranks  w i t h in  t he  p in n ip e d  o r d e r  o r  subo rde r  
a r e  a l s o  c o n s i d e r e d  open t o  q u e s t i o n  and a r e  p r e s e n t l y  being s t u d i e d  
in  some d e t a i l  ( S a r i c h ,  1 9 6 9 a ,  1969b; Burns and Fay, 1 9 7 0 ) .  There 
are  t h r e e  re c o g n i ze d  f a m i l i e s  w i t h i n  t he  p i n n i p e d i a .  Family O t a r i i d a e  
comprises  t h e  f u r  s e a l s  and se a  l i o n s .  Family Odobenidae i s  composed 
o f  t he  P a c i f i c  and t h e  A t l a n t i c  w a l ru s e s .  Family Phocidae comprises 
t h e  " e a r l e s s "  s e a l s .  The phocid fami ly  i s  f u r t h e r  d i v id e d  i n t o  t h r e e  
t r i b e s  ( S c h e f f e r ,  1 9 5 8 ) .  The Phocini  t r i b e  i s  r e p r e s e n t e d  i n  t h i s  work 
by t h e  h a r b o r ,  and r ibbon s e a l s ;  t r i b e  E r i g n a t h i n i  i s  r e p r e s e n t e d  by 
t he  bearded s e a l ;  t h e  Lobodoni t r i b e  i s  r e p r e s e n t e d  by t h e  Weddell 
s e a l ,  t h e  s i n g l e  A n t a r c t i c  s p e c i e s  s t u d i e d  h e r e .
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When c o n s i d e r i n g  t h e  s y s t e m a t i c  o r  taxonomic s i g n i f i c a n c e  o f  t h e  
r e s u l t s  o f  t h i s  s t u d y ,  i t  i s  n e c e s s a r y  t o  p l a c e  amino a c i d  r e p l a c e m e n t s  
i n  p r o p e r  p e r s p e c t i v e .  There  a r e  two i m p o r t a n t  c r i t e r i a  which s h o u l d  
be met i f  s t r u c t u r a l  d i f f e r e n c e s  in  homologous p r o t e i n s  a re  t o  be 
used as r e l e v e n t  homologous c h a r a c t e r s .  F i r s t ,  p r o t e i n  d i f f e r e n c e s  
must be i n h e r i t e d  and r e l a t i v e l y  f r e e  o f  environmental  e f f e c t s ;  and 
s e co nd ,  a de qua te  f u n c t i o n  o f  t h e  chosen p r o t e i n  must be e s s e n t i a l  t o  
t h e  s u r v i v a l  o f  t h e  i n d i v i d u a l  o r  p o p u l a t i o n .  The s a t i s f a c t i o n  o f  
each c r i t e r i o n  w i l l  be t r e a t e d  i n  t u r n .
C u r r e n t  co nc ep ts  o f  p r o t e i n  s y n t h e s i s  are  ba sed  on a w e a l t h  o f  
m a t e r i a l  co nf ir m in g t h e  f i r s t  c r i t e r i o n .  The chosen model assumes 
t h a t  g e n e t i c  i n f o r m a t i o n  r e s i d e s  i n  t h e  base  sequences  i n  t h e  DNA mole­
c u le  which i n  t u r n  d i r e c t l y  de te r m i n e  t h e  amino a c i d  sequence i n  each 
p r o t e i n .  Herein  l i e s  t h e  g r e a t  value  o f  p r o t e i n  sequence f o r  compar- 
"at ive  work i n  t h e  a r e a  o f  s y s t e m a t i c s .  A taxonomic h i e r a r c h y  i s  o f t e n  
based on c h a r a c t e r s  t h a t  do n o t  n e c e s s a r i l y  r e f l e c t  t h e  g e n e t i c  c o n s t i ­
t u t i o n  o f  t h e  organism in  q u e s t i o n .  P a r a s i t e  l o a d ,  a v a i l a b i l i t y ,  and 
q u a l i t y  o f  food a t  c r i t i c a l  t im es  d u r in g  development have s i g n i f i c a n t  
e f f e c t  on such pa ra m e t e rs  as ge ne ra l  s i z e ,  bone l e n g t h ,  s k u l l  d i m e n s i o n s ,  
e t c .  Amino a c i d  sequence s t u d i e s ,  however,  p r ovi de  u n i t  d i f f e r e n c e s  t h a t  
a r e  d i r e c t l y  r e l a t e d  t o  t h e  g e n e t i c  c o n s t i t u t i o n  o f  t h e  org ani sm  in  
q u e s t i o n  by c o u n t i n g  t h e  s u b s t i t u t i o n s  o f  one amino a c i d  f o r  a n o t h e r .
As i s  well  e s t a b l i s h e d  f o r  m ic r oo rg a ni s m s ,  most amino a c i d s  a r e  
coded f o r  by one o r  more b a s e  t r i p l e t s  (Cold  Sp rin g Harbor  Symposium, 
1 9 6 6 ) .  Although m e t h io n i n e  and t r y p t o p h a n  each a r e  coded by a s i n g l e
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t r i p l e t ,  and redundancy i n  t he  g e n e t i c  code can be as high as s i x  f o r
s e r i n e ,  a r g i n i n e  and l e u c i n e .  Such high l e v e l s  o f  redundancy may be
c o n s i d e r e d  p r o t e c t i v e ,  however,  s i n c e  t h e y  p e rm it  a c e r t a i n  amount o f  
m u t a t i o n  or  change in  t h e  DNA base  se quence w i t h o u t  ca us in g changes in  
t h e  c o rr e s p o n d in g  p r o t e i n .
There  i s ,  t h e n ,  t h e  d i s t i n c t  p o s s i b i l i t y  t h a t  a base  change in 
DNA can occur  w i t h o u t  an obs erved e f f e c t  on t he  pr imary s t r u c t u r e  o f
t h e  p r o t e i n  whose c o n t r o l l i n g  ba se  sequence has been a l t e r e d .  However,
on a s t a t i s t i c a l  b a s i s  such s i l e n t  m u t a t i o n s  pr oba bl y  oc c ur  l e s s  f r e ­
q u e n t l y  than t h o s e  y i e l d i n g  obvious  changes in  p r o t e i n  se quence.  T h e r e ­
f o r e ,  i d e n t i t y  o f  s t r u c t u r e  i n  homologous p r o t e i n s  i n  two i n d i v i d u a l s  
i s  assumed t o  show g r e a t e r  g e n e t i c  s i m i l a r i t y  th an  n o n - i d e n t i t y .
The method o f  s e p a r a t i o n  and a n a l y s i s  used in  t h i s  s tu d y  pr ov id e s  
d a t a  f o r  most o f  t h e  myoglobin molec ule  from t h e  phocids  s t u d i e d  h e r e .  
While t h e  same degree  of  s u c c e s s  was n o t  ac hi e ve d in  t h e  myoglobins o f  
t h e  r e p r e s e n t a t i v e s  o f  t h e  o t h e r  two f a m i l i e s ,  t he  i n f o r m a t i o n  o b t a i n e d  
f o r  t h e  l a t t e r  does p r o v id e  some b a s i s  f o r  comparisons.  Because t h e  
a n a l y t i c a l  method used could  n o t  d i s t i n g u i s h  g l u ta m i c  a c i d  from g l u t a m i n e ,  
t h e  p r e s e n c e  o f  t h e  former in a p e p t i d e  was i n t e r p r e t e d  as i n d i c a t i n g  
w h i c h e v e r  o f  t h e  two was found in  t h e  homologous p o s i t i o n  of  t h e  com­
p a r i s o n  s ta n d a r d .  A s p a r t i c  a c i d  and a s p a r a g i n e  were t r e a t e d  s i m i l a r l y .  
This  assumption o f  i d e n t i t y  i s  s t a t i s t i c a l l y  w a r r a n t e d  s i n c e  maintenance 
o f  i d e n t i t y  i s  more pr o b a b l e  t h a n  change i n  such s i t u a t i o n s .  In t h e  
f o l l o w i n g ,  t h e  d i f f e r e n c e s  ob se rv ed  a r e  t r e a t e d  as g e n e t i c  d i f f e r e n c e s .
The q u e s t i o n  o f  f u n c t i o n  r a i s e d  above and t h e  chemical s i g n i f i c a n c e  o f
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no
t he  replacements  w i l l  be t r e a t e d  in  a s e p a r a t e  s e c t i o n .
Comparison o f  the  Sequence of  Myoglobins from Ge ogra phic a l ly  D i s t i n c t  
Subs pe cies  o f  the  Harbor Seal
One o b s e rv a t io n  p o s s i b l e  from t h e  work d e s c r i b e d  he re  i s  t h a t  t he  
i s o l a t e d  t r y p t i c  p e p t i d e s  from t he  myoglobin o f  Bering Sea ha rb or  se al  
may be a l i g n e d  d i r e c t l y  wi th  t he  sequence o f  myoglobin from harbo r  
s e a l  from t h e  c oa st  o f  Maine (Bradshaw e t  a l . 1 9 6 9 b ) .  This i s  i n t e r ­
e s t i n g  s i n c e  one would e xp e ct  p o p u l a t io n s  so f a r  removed from one 
a n o t h e r  g e o g r a p h i c a l ly  t o  d i s p l a y  some g e n e t i c  d i v e r s i t y .  I t  i s  q u i t e  
p o s s i b l e  t h a t  the two p o p u l a t io n s  o f  ha rb o r  s e a l  under  c o n s i d e r a t i o n  
have no t  been i s o l a t e d  from one a n o t h e r  f o r  a long enough p e r i o d  o f  
t ime f o r  mutat ions t o  have become e s t a b l i s h e d .  Since  t h e  myoglobins 
o f  a l l  f o u r  phocids examined app ear  t o  be i d e n t i c a l ,  t h e  i d e n t i t y  of  
niyoglobins i s o l a t e d  from d i s t i n c t  p o p u l a t i o n s  o f  one phocid s p e c i e s  i s  
o f  l e s s  s i g n i f i c a n c e .
Comparison o f  Sequences o f  t he  Myoglobins I s o l a t e d  from Members of  
Family Phocidae
The sequence of  t h e  myoglobins o f  h a r b o r  s e a l ,  r ibbon s e a l ,  
bearded s e a l ,  and Weddell s e a l  appear  t o  be i d e n t i c a l .  Pe p t id e s  T - l e  
and T - l 2 b  were not  found,  b u t  f o r  t h e  purpose  o f  d i s c u s s i o n ,  t h e  l ac k  
o f  t h e s e  two peptTdes~will  be i g n o r e d ,  as w i l l  t he  f a c t  t h a t  p e p t i d e  
T-13  o f  Weddell se al  and bearded s e a l  myoglobins did  not  provide  s a t ­
i s f a c t o r y  an a ly s e s .
The ap parent  i d e n t i t y  o f  myoglobins f rom t h e s e  f o u r  phocids i s  
c o n s i s t e n t  with t h e  work o f  Fay e t  a l .  ( 1 9 6 7 )  who found g r e a t e r  karyo- 
t y p i c  s i m i l a r i t y  among f o u r  ( h a r b o r ,  r i n g e d ,  b e a rd e d ,  and Weddell s e a l s )
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mmembers o f  t h e  phocidae than t o  t h a t  o f  s p e c i e s  o f  t he  o t h e r  two 
pi n n ip e d  f a m i l i e s .  I t  i s  a l s o  c o n s i s t e n t  with S a r i c h ' s  ( 1 9 6 9 b )  
r e c e n t  work employing the  immunology o f  albumin as a marker.
The f a c t  t h a t  no d i f f e r e n c e  i s  seen in t h e  sequences  o f  myo­
g l o b in s  o f  t h e s e  f o u r  r e p r e s e n t a t i v e s  of  the  family  phocidae  sug­
g e s t s  t h a t  myoglobin may be o f  some use in  d e f i n i n g  fa m ily  ( o r  
s u b fa m il y )  ra n k ,  because the  myoglobins o f  t h e  o t h e r  two f a m i l i e s  
a re  d i s t i n c t l y  d i f f e r e n t .
Comparison o f  t he  Sequences o f  Myoglobins from the  Three Famil ies
The myoglobins o f  walrus and f u r  se al  p r e s e n t e d  a l i t t l e  more 
d i f f i c u l t y  in r e c o g n i t i o n  of  p e p t i d e s .  In f a c t  t h e r e  were a few pep­
t i d e  s p o t s  whose an a ly s e s  could n o t  be s a t i s f a c t o r i l y  a l i g n e d  with  
t h e  known h a r b o r  s e a l  sequence.  Even s o ,  t h e s e  two p r o t e i n s  di d  
prov ide  p e p t i d e  maps resembling one a n o th e r  very c l o s e l y .  The pep­
t i d e  an a ly s e s  f o r  t h e s e  two p r o t e i n s  resemble d u p l i c a t e s  from t he  
same p r o t e i n .  Final  comparisons su g g e st  t h a t  t h e s e  two myoglobins 
a re  a lmost  i d e n t i c a l  in  the p o r t i o n s  o f  t h e  molecule i d e n t i f i e d .  The 
e x c e p t io n  i s  a p h e ny la la ni ne  f o r  l e u c i n e  s u b s t i t u t i o n  i n  P e p t i d e  T-9b.
E ig ht  repla cem en t  d i f f e r e n c e s  were found between t h e  sequences o f  
phocid  myoglobins and t h a t  o f  t h e  f u r  s e a l .  Nine d i f f e r e n c e s  were 
seen in t h e  case  o f  t h e  walrus .  The f a i l u r e  t o  o b t a i n  c l e a r - c u t  an­
a l y s e s  f o r  p e p t i d e s  T-4 and T - l 3 in  t he  f u r  s e a l  and w a lr us  s u g g e s t s  
t h a t  t h e r e  a re  even more d i f f e r e n c e s  than tho se  found.
Quite  o b v i o u s l y ,  i f  one were t o  use myoglobin sequence as a marker,  
then t he  pi n n ip e d s  should be di v id e d  i n t o  two subgroups: t h e  phocids
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in  one,  and t h e  walrus  in  t he  group c o n t a i n i n g  the  o t a r i i d s .  This 
assumes t h a t  t h e  o t h e r  o t a r i i d s  w i l l  d i s p l a y  the  same constancy in 
t h e i r  myoglobin sequence as t h e  phocids examined he re .  This sim­
i l a r i t y  of  t he  myoglobins of  f u r  s e a l  and walrus  and t h e i r  d i f f e r ­
ence from myoglobins of  r e p r e s e n t a t i v e  phocids  i s  c o n s i s t e n t  with 
t h e  immunological work r e p o r t e d  by S a r i c h  ( 1 9 6 9 b ) .  He found t h a t  
t h e  p in ni pe d albumins could be c l a s s i f i e d  as two groups: one,  th e
p h o c id s ,  and t h e  o t h e r  the  o t a r i i d s  plu s  t h e  w a lr us .
This r a t h e r  d i s t i n c t  dichotomy of  t h e  p i nnip e ds  may a ls o  be used 
t o  s u p p o rt  the c o n t e n t i o n  t h a t  t h e s e  two groups a ro s e  s e p a r a t e l y  and 
resemble one a n o t h e r  due t o  convergence (McLaren, 1 9 6 0 ) .  Comparison 
of  t h e  sequence o f  myoglobins from t he  pin nip ed s  with sequences of  t h e  
myoglobins from r e p r e s e n t a t i v e  members of  t h e  p r e v i o u s l y  mentioned 
Canidae,  U r s id a e ,  Pro cy oni da e,  and M us tel ida e  would a s s i s t  in the  
r e s o l u t i o n  o f  t h i s  problem. Such d a ta  i s  n o t  p r e s e n t l y  a v a i l a b l e .  
S a r i c h ' s  immunological d i s t a n c e s  i n d i c a t e  t h a t  t h e  pinn ipeds  are  of 
monophylet ic  o r i g i n ,  bu t  he did note t h a t  c o n fi r m a ti o n  would have t o  
come from a second p r o t e i n .  The use o f  p r o t e i n  sequence as confirm­
a t i o n  of  immunological f i n d i n g s  may be s u p e r i o r  t o  a second s e r i e s  
o f  immunological t e s t i n g s  with  a second a n t i g e n .
Comparison o f  myoglobins of  pin nip ed s  with  t h a t  o f  the  sperm w h a l e . 
Table 34 l i s t s  t he  d i f f e r e n c e s  seen between the  myoglobin of  t he  sperm 
whale and t h a t  of  t h e  pinn ipeds  s t u d i e d  h e r e .  The number of  d i f f e r e n c e s  
observed i s  o f  t h e  same o r d e r  of  magni tude.  This i s  c o n s i s t e n t  with  a 
monophylet ic  o r i g i n  of  t h e  p i n ni pe ds .  Nine of  t h e  d i f f e r e n c e s  seen a r e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
113
Tab le  34.  Comparison of  v a r i e n t  r e s i d u e s  i n  t h e  
Myoglobins of  t h e  pi n n ip e d s  and t h e  sperm whale
P o s i t i o n  Harbor  Walrus Fur Sperm Sperm whale Sperm whale  Sperm whale
No. s e a l  seal  whale vs.  Phocids  vs .  Walrus vs.  Fur  s e a l
1 Gly Gly Gly Val 1 1 1
4 Asp Asx Asx Glu 1 1 1
8 His Glx Glx Glu 1 0 0
19 Thr Ala - Ala 1 0 0
21 Leu Leu Leu Val 1 1 1
27 Glu Glx Glx Asp 1 1 1
35 Se r Gly - Se r 0 1 -
39 Thr Ala - Thr 0 1 -
45 Lys Lys Lys Arg 1 1 1
53 Asp Asx Asx Ala 1 1 1
54 Asp Asx Glx Glu 1 1 0
56 Arg Lys Lys Lys 1 0 0
62 Arg - - Lys 1 - -
65 Asp - Gly Val 1 - 1
74 Gly Gly Gly Ala 1 1 1
76 Leu Phe Leu Leu 0 1 0
117 S e r Gly Gly S e r 0 1 1
121 Ala - - Gly 1 - -
140 Asn Asx Asx Lys 1 1 1
147 Lys Arg Arg Lys 0 1 1
151 Phe Phe Phe Tyr 1 1 1
152 His Glx Glx Gin 1 0 0
17 15 12
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common t o  t h e  t h r e e  f a m i l i e s  p r ov id in g i n f o r m a t i o n  f o r  an a n c e s t r a l  
p i n n i p e d  myoglobin.
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The Biochemical  S i g n i f i c a n c e  of  V a r i a t i o n  of  t he  Primary S t r u c t u r e  
of  Hemoglobins and Myoglobins
The f a c t  o f  p r o t e i n  v a r i a t i o n  both w i t h i n  and between ta x o n ­
omic groups i s  now well  e s t a b l i s h e d ;  what has y e t  t o  be determined 
a re  t h e  b a s i c  mechanisms o r  p r i n c i p l e s  i n vo lv e d which allow such 
v a r i a t i o n .  While t h e  i n i t i a l  g e n e t i c  change presumably r e s u l t s  
from random m uta t io n in t he  chromosomal DNA, t he  reason f o r  t he  p e r ­
s i s t e n c e  o f  any given change in  the  p r o t e i n  molecule  must r e s i d e ,  
somehow, in  t h a t  m o le c u le ,  o r  some circu mst anc e s urr oundin g i t s  
f u n c t i o n  o r  a c t i o n .
I t  i s  customary t o  t h i n k  o f  the  pr imary s t r u c t u r e  of  a p r o t e i n  
as t h e  pr od uc t  of  a p a r t i c u l a r  p o l y n u c l e o t i d e  sequence in  DNA. How­
e v e r ,  i t  i s  e v i d e n t  t h a t  t h e  a c tu a l  p e r s i s t e n c e  o f  a given amino a c i d  
sequence in  t u r n  f i x e s  t h e  DNA sequence f o r  t he  po p u l a t io n  o r  t h e  
s p e c i e s  in v o lv e d .  I f  t h e  p r o t e i n  sequence produced f a i l s  t o  perform 
t he  f u n c t i o n  o r  a c t i o n  r e q u i r e d ,  and t h a t  f u n c t i o n  or  a c t i o n  i s  im­
p o r t a n t  t o  s u r v i v a l ,  i t  i s  expe cted t h a t  t h e  organism in v o lv e d  w i l l  
be a t  a s e l e c t i v e  di sa d v a n t ag e  and t h i s  p a r t i c u l a r  amino a c i d  s e ­
quence w i l l  no t  be p e r p e t u a t e d  as t y p i c a l  f o r  t he  s p e c i e s .
P r o t e i n  s t u d i e s  may a l s o  reveal  p r i n c i p l e s  governing t h e  types  
o f  b a s e  changes t h ou gh t  t o  be r e s p o n s i b l e  f o r  t he  amino a c i d  r e p l a c e ­
ments se en.  An a n a l y s i s  o f  t h e  types o f  base changes r e q u i r e d  t o  
e f f e c t  t h e  amino a c i d  replacements  observed i n  human hemoglobin and 
in  cytochrome c from o t h e r  animals and p l a n t s  provides  two d i f f e r e n t  
p a t t e r n s .  In hemoglobin,  most replacements  are  e x p l a i n a b l e  as t he
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r e s u l t  o f  s i n g l e  pur ine  t o  pu rin e  base  changes ( V oge l ,  1 9 6 9 ) .  In 
cytochrome c ,  the  replacements r e f l e c t  p y r i m i d i n e - p u r i n e  changes in  
th e  f i r s t  two codon p o s i t i o n s .  The d i f f e r e n c e  perhaps  may be a t ­
t r i b u t e d  t o  d i f f e r e n c e s  in t h e  t e r t i a r y  s t r u c t u r e  of  t h e s e  compounds.
The two g l o b in s  possess  an i n t e r n a l l y  o r d e r e d  s t r u c t u r e  based on th e  
a lpha h e l i x .  However, cytochrome c does n o t  e x h i b i t  a s i g n i f i c a n t  
p e r c e n t a g e  o f  h e l i c a l  zone,  i n d i c a t i n g  a l a c k  o f  r e g u l a r  i n t e r n a l  
o r d e r .  S i n c e  the  mechanism t h a t  produces ba se  changes in t h e  DNA 
molecule i s  assumed t o  be the  same f o r  th e  t o t a l  l e n g t h  of  a l l  
chromosomes, then th e  mechanism t h a t  g e n e t i c a l l y  f i x e s  a given amino 
a c i d  in  t h e  p r o t e i n  molecule  must not  o p e r a t e  a t  t h e  DNA l e v e l .  This 
s u g g e s t s  t h a t  the mechanism in volv e d  o p e r a t e s  a t  t h e  l ev e l  o f  t h e  p r o t e i n  
i t s e l f .  I t  a l s o  s ug ge st s  t h a t  each homologous p r o t e i n  s e r i e s  should  
be c o n s i d e r e d  s e p a r a t e l y ,  u n t i l  such a t ime t h a t  a c l e a r  view i s  gain ed .
On t h e  assumption t h a t  an amino a c id  rep la cem en t  by a very s i m i l a r  
amino a c i d  would be more l i k e l y  t o  p e r s i s t  t ha n one by a d i s s i m i l a r ,  
s i n c e  t h e  former would a l t e r  t h e  p r o t e i n  t h e  l e a s t ,  Sneath ( 1 9 6 5 )  con­
s i d e r e d  a number o f  c h a r a c t e r i s t i c s  o f  th e  amino a c i d s .  He i n c l u d e d  
some t h i r t y - t w o  d i f f e r e n t  p a r a m e t e r s ,  from m o l e c u l a r  wei ght  o f  the  
s i d e  chain  t o  the  c o l o r  produced by r e a c t i o n  on p a p e r  with  n in hydrin  
when c o l l i d i n e  is  i ncl ud e d  in t h e  r e a g e n t .  A c h a r a c t e r i s t i c  number f o r  
each amino a c id  was d e r i v e d  from weighted v a lu e s  o f  t h e s e  v a r i a b l e s  
us ing  a formula  developed e a r l i e r  by Sneath and Sokol ( 1 9 6 3 ) .  D i f f ­
e re nc e s  between t h e s e  value s  f o r  any given p a i r  i s  an index o f  t h e i r  
s i m i l a r i t y ,  with  the  value  of  one i n d i c a t i n g  complete i d e n t i t y .  The
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t r e a t m e n t  so pro vi de d may well  be t h e  f i r s t  s t e p  in  t h e  r i g h t  d i r e c t i o n ,  
b u t  i t  f a i l e d  t o  t a k e  p r o p e r  note  of  t he  f a c t  t h a t  most p r o t e i n s  e x i s t  
in  a th r e e - d i m e n s io n a l  aqueous environment .
For hemoglobin and myoglobin,  a few p a t t e r n s  a re  seen t h a t  i n ­
d i c a t e  t h a t  t he  environment  a t  t he  sequence p o s i t i o n  i s  a major  f a c t o r  
in t h e  p e r s i s t e n c e  o f  a given kind o f  amino a c id  r e s i d u e .  Pe r u tz  
e t  a l .  ( 1 9 6 5 )  p o i n t s  ou t  t h a t  t h e r e  i s  a common f a c t o r  found in  hemo­
g l o b in  and myoglobin.  The n on -p ola r  r e s i d u e s  a re  l o c a t e d  mainly in 
t h e  i n t e r i o r  o f  t he  gl o b in  chain.  To quote  d i r e c t l y  "Long alpha 
h e l i c a l  segments e x h i b i t  a r e g u l a r  p e r i o d i c i t y  o f  i n v a r i a n t  n o n - p o l a r  
s i t e s " ,  (op.  c i t .  p. 6 7 0 ) .  The work of  P e r u tz  e t  a l .  ( 1 9 6 5 )  and 
Edmundson ( 1 9 6 5 )  su g g e st s  t h a t  t he  major  f a c t o r s  in  s t a b i l i z i n g  the  
s t r u c t u r e  o f  t h e s e  g l o b i n s  are  h y d r o p h i l i c  and hydrophobic bonding. 
Dickerson and Geis ( 1 9 6 9 )  have r e c e n t l y  p u b l i s h e d  a g e n e r a l  t r e a t m e n t  
o f  t h e  i n fo r m a t io n  p r e s e n t l y  a v a i l a b l e  on t h e  s u b j e c t  o f  t he  t h r e e ­
dimensional  s t r u c t u r e  o f  p r o t e i n s ,  in which Dickerson r e f e r s  t o  t h e  
" h y d r o p h o b i c - in ,  h y d r o p h i l i c - o u t "  p r i n c i p l e .
The development o f  t h i s  p r i n c i p l e  p a r a l l e l s  t he  i n c r e a s e  i n  th e  
q u a n t i t y  o f  d a t a  conc ern ing the t e r t i a r y  s t r u c t u r e  o f  t h e  g l o b i n s .  
Kendrew e t  a l .  ( 1 9 6 1 )  no ted t h a t  in  c r y s t a - l i n e  sperm whale myoglobin,  
30% o f  t h e  p o l a r  r e s i d u e s  were d i r e c t e d  i n t e r n a l l y ,  and 45% o f  t h e  non­
p o l a r  were d i r e c t e d  e x t e r n a l l y .  In p a r t i c u l a r ,  a l l  p h e n y la l a n i n e  and 
meth ionin e  r e s i d u e s  were d i r e c t e d  i n t e r n a l l y ,  and almost  a l l  l y s i n e ,  
a r g i n i n e ,  and gl u ta m i c  a c id  re s i d u e s  were e x t e r n a l l y  d i r e c t e d .  On t h e  
o t h e r  hand,  a lmos t  a l l  a la n i n e s  were d i r e c t e d  e x t e r n a l l y .
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A p a r t i c u l a r l y  i n t e r e s t i n g  s t a t m e n t  made by P e r u t z  ( 1 9 6 5 ) ,
emphasizes  t he  p o s s i b l e  ge ne ral  a p p l i c a b i l i t y  o f  t h e  c onc ept  o f
d i f f e r e n c e s  in o r i e n t a t i o n  o f  p o l a r  and n o n - p o l a r  r e s i d u e s .
The i n t e r i o r  o f  t h e  sperm whale  myoglobin molecu le  i s  made up 
o f  n o n - p o l a r  r e s i d u e s ,  a lmost  everywhere  i n  Van d e r  Waals con­
t a c t  wi th  t h e i r  n e ig h b o r s .  Tryptophan and t y r o s i n e  a re  con­
s i d e r e d  n o n - p o l a r ,  t h e  l a r g e ,  r i g i d  carbon s k e l e t o n  o f  which 
causes  them t o  seek a n o n - p o l a r  e n v ir o n m e n t .  In  hemoglobin,  
t h e  g l y c i n e s  and a l a n i n e s  b e in g only  weakly  h y d r o p h o b ic ,  l i e  
on t h e  s u r f a c e .  Large n o n - p o l a r  s i d e  c h a i n s  which a r e  no t  
i n t e r i o r  tend t o  bury th emselves  in  c r e v i c e s  n e a r  t h e  s u r f a c e ,  
o f f e r i n g  minimum c o n t a c t  w i t h  t h e  w a t e r .
The f o l lo w in g  model i s  an a t t e m p t  t o  b r i d g e  t h e  gap between 
s t u d i e s  o f  a c c e p t a b i l i t y  o f  amino a c i d  r e p l a c e m e n ts  and t h e  con­
c e p ts  o f  Kendrew and P e r u t z .
As a f i r s t  a pp ro xim at io n,  c o n s i d e r  t h a t  t h e  p o l y p e p t i d e  c h a i n  i s  
composed o f  a s e r i e s  o f  p e p t i d e  bonds c r e a t i n g  a g l y c i n e  backbone.  To
t h i s  g l y c i n e  polymer,  t h e r e  a re  a t t a c h e d ,  a t  t h e  a lp h a  c a r b o n s ,  c e r t a i n
s u b s t i t u e n t s ,  the  amino a c i d  s i d e  c h a i n s .
S i n c e  t h e  gl ob in s  a re  i n  an aqueous en vi ro nm en t  du r in g  t h e i r  
f u n c t i o n a l  l i f e t i m e ,  t h e  change in  t h e  t e nd e nc y o f  each e x t e r n a l l y  
d i r e c t e d  s i d e  chain groups t o  form hydrogen bonds w i t h  t h e  s u r r o u n d i n g  
w a t e r  molecules  may be taken as an i n d i c a t o r  o f  t h e  chemical change 
imposed by a p a r t i c u l a r  amino a c i d  r e p l a c e m e n t  a t  an e x t e r n a l  s i t e .  
S i m i l a r l y ,  t h e  change i n  tendency o f  i n t e r n a l l y  d i r e c t e d  s i d e  c h a in  
groups t o  form hydrophobic bonds can a l s o  be t a k e n  as an i n d i c a t o r  
o f  t h e  s i g n i f i c a n c e  o f  repl ace me nts  o f  i n t e r n a l l y  d i r e c t e d  gr ou ps .  
Hence,  t h e  problem i s  reduced t o  a s e a r c h  f o r  an index o f  t h e  p o l a r i t y  
o f  t h e  s u b s t i t u e n t  s i d e  groups i n v o l v e d .  The d i p o l e  moment a ppe ars
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t o  be s a t i s f a c t o r y  i n  t h i s  r e s p e c t ,  and t h e  system pr oposed  he re  
i s  ba s ed  on t h e  p u b l i s h e d  d i p o l e  moment va lu e s  f o r  t h e  s i d e  chain  
groups ( M c C l e l l a n ,  1 9 6 3 ) .
There  i s  c o n s i d e r a b l e  agreement between an i n t u i t i v e  grouping 
o f  p o l a r i t y  t y p e s  o f  t h e  amino a c id s  and t he  d i p o l e  moments o f  t he  
amino a c i d  s i d e c h a i n s  (T ab le  3 5 ) .  C y s t e in e  as a s o u r c e  o f  c o v a l e n t  
i n t e r -  and i n t r a - m o l e c u l a r  bonding and p r o l i n e  as a h e l i x  i n t e r r u p t e r  
must r e c e i v e  s p e c i a l  t r e a t m e n t .
With t h e s e  r e s e r v a t i o n s  in mind,  a m a t r i x  ba sed  on t h e  a b s o l u t e  
d i f f e r e n c e s  between t h e  d i p o le  moments o f  t h e  amino a c i d s  can be con- 
s t r u c t u r e d  ( T a b l e  3 6 ) .  This d i s s i m i l a r i t y  m a t r i x  i s  an i nd ex  o f  t h e  
de gre e  o f  chemical  change imposed on t h e  p o s i t i o n  in  q u e s t i o n  by a 
given s u b s t i t u t i o n .  A g l y c i n e  f o r  a l a n i n e  s u b s t i t u t i o n  i s  t r i v i a l  
on t h i s  b a s i s ,  w h e r e a s ,  a g l y c i n e  f o r  g l u ta m i ne  s u b s t i t u t i o n  ( a=3 . 4 )  
i s  a cco rd ed  some i mp or tan ce .  This  m a t r i x  c ould  p r o v i d e  t h e  b a s i s  
f o r  a num eri cal  t r e a t m e n t  of  amino a c i d  r e p l a c e m e n t s .
The p r i n c i p l e  o f  i s o p o l a r  s u b s t i t u t i o n  i s  a t t r a c t i v e  when f i r s t  
c o n s i d e r i n g  amino a c i d  rep la ce m e nt s .  However, t h a t  i t  i s  no t  t h e  major  
f a c t o r  in  t h e  p e r s i s t e n c e  of  s u b s t i t u e n t s  i n  human hemoglobin i s  shown 
i n  Tabl e  37 where 41 of  t h e  59 rep la ce m e nts  l i s t e d  a r e  n o t  i s o p o l a r .  
There  a r e  a t  l e a s t  two o t h e r  f a c t o r s .  F i r s t ,  p o l a r - n o n - p o l a r  sub­
s t i t u t i o n s  might  be b e n e f i c i a l  in  p o s i t i o n s  where such changes s t a b i l i z e  
t h e  t h r e e  dimen sion al  s t r u c t u r e  o f  t h e  molecu le;  and s e c o n d ,  r e l a t i v e  
p o l a r i t y  might  be a n e g l i g i b l e  f a c t o r  compared t o  chemical  p r o p e r i t i e s  
i n  l o c a t i o n s  i n t i m a t e l y  inv ol ve d in t h e  f u n c t i o n  o f  t h e  m olec ule .
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Small a l i p h a t i c  
Glycine  0
Alanine  0




I s o l e u c i n e  . 1 3
Hydroxyl group 
Se r in e  1 . 7
Threonine 1 . 7
Tyrosine  1 . 6
Aromati c
Ph e ny la la ni ne  . 4
Tryptophan 2 . 1 3
I o n iz a b le
Lysine 1 . 3 2
Arginine  3 . 8
H i s t i d i n e  6 . 2
A s p a r t i c  a c i d  1 .7 5
Glutamic a c i d  1 .7 6
Asparagine  3 . 7 5
Glutamine 3 . 3 8
P r o l i n e  0
Cysteine  1 . 2 6
Table 35
Dipole Moments o f  Amino Acid Si de  Chains












Tabl e  36
D i s s i m i l a r i t i e s  Based on Di pol e  Moment
Gly
Al a , A 0 A
V a l , V 0 0 V
l i e , I .1 .1 .1 I
Leu, L 0 0 0 .1 L
Met, M 0 0 0 .1 0 M
S e r , S 1 . 7 1 . 7 1 . 7 1 .6 1 . 7 1 . 7 S
Thr , T 1 . 7 1 . 7 1 . 7 1 .6 1 . 7 1 . 7 0 T
Ty r , Y 1 .6 1 .6 1 .6 1 . 5 1 .6 1 .6 .1 .1
Phe, F . 4 . 4 . 4 . 3 . 4 . 4 1 . 3 1 . 3
Tr p , W . 4 . 4 . 4 . 3 . 4 . 4 1 . 3 1 . 3
Lys, K 1 . 3 1 . 3 1 . 3 1 .2 1 . 3 1 . 3 . 4 . 4
H i s , H 6 .2 6 .2 6 .2 6 .1 6 .2 6 .2 4 . 5 4 . 5
Arg, R 3 . 8 3 . 8 3 . 8 3 . 7 3 . 8 3 . 8 2 .1 2 .1
Asp, D 1 .8 1 .8 1 .8 1 . 7 1 .8 1 .8 .1 .1
Glu, E 1 .8 1 .8 1 .8 1 . 7 1 .8 1 .8 .1 .1
Asn, N 3 . 8 3 . 8 3 . 8 3 . 7 3 . 8 3 . 8 2 .1 2 .1
Gi n, Q 3 . 4 3 . 4 3 . 4 3 . 3 3 . 4 3 . 4 1 . 7 1 . 7
P r o , P 0 0 0 .1 0 0 1 . 7 1 . 7
Cys, C 1 . 3 1 . 3 1 . 3 1 .2 1 . 3 1 . 3 . 4 . 4
Y
1 .2 F
1 .2 0 W
. 3 . 9 . 9 K
4 . 6 5 . 8 5 . 8 4 . 9 H
2 .2 3 . 4 3 . 4 2 . 5 2 . 4 R
.2 1 . 4 1 . 4 . 5 4 . 4 0 D
.2 1 . 4 1 . 4 . 5 4 . 4 0 0 E
2 .2 3 . 4 3 . 4 2 . 5 2 . 4 0 2 .0 2 .0 N
1 .8 3 . 0 3 . 0 2 .1 2 . 8 1 .6 1 .6 1 .6 . 4 Q
1 .6 . 4 . 4 1 . 3 6 .2 1 .8 1 .8 1 .8 3 . 8 3 . 4
. 3 .9 . 9 0 4 . 9 . 5 . 5 . 5 2 . 5 2 .1
122
Pola r  -  P o l a r  Frequency
Glu - -  Lys 12 n = 16
Asp - - H i s  2
Arg - -  His 2
Table  37
P o l a r i t y  Types o f  Amino Acid Replacement P a i r s
in Human Hemoglobin
Non-polar -  Non-polar  
Met - -  Val 
Ser  — Cys
n = 2
Po la r  -  Non-polar
Gly — Asp 8
Glu - - Val 4
Asp — Asn 4
Glu — Gin 4
His — Tyr 4
Glu — Ala 3
Lys — Asn 3
Gly — Arg 3
Glu — Gly 2
Arg — Gin 2
Arg — Leu 2
Lys — Thr 1
Asp — Ala 1
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Using t h e  model o f  t h e  t h r e e  dimen sion al  s t r u c t u r e  o f  sperm whale 
myoglobin as t y p i c a l  o f  mammalian myoglobins p r o v id e d  by P e r u t z  e t  a l . 
( 1 9 6 5 ) ,  l o c a t i o n s  o f  amino a c i d  s u b s t i t u t i o n s  were r e l a t e d  t o  e xpos ure  
f o r  sperm whale ,  h a r b o r  s e a l ,  and p o r p o i s e ,  s e e  Tables  3 8 ,  and 39.  The 
p o l a r  amino acids  seem t o  be f a v o r e d  as e x t e r n a l  s u b s t i t u e n t s .  In t h e  
sperm w h a l e -h a rb o r  s e a l  co mparison,  15 o u t  o f  t h e  24  s u b s t i t u t i o n s  are  
i s o p o l a r ,  and in th e  sperm w h a l e - p o r p o i s e  c om pa r is on ,  7 o u t  o f  13 s u b ­
s t i t u t i o n s  a re  i s o p o l a r .  These r e s u l t s  f i t  t h e  s u g g e s t e d  model b e t t e r  
than t h e  o b s e rv a t io n s  on hemoglobin p o l a r i t y .  A n o n - i s o p o l a r  s u b s t i t u ­
t i o n  may r e s u l t  in a " s t a b i l i z i n g "  e f f e c t ,  i . e .  p o l a r - e x t e r n a l ,  n o n - p o l a r -  
i n  t e r n a l .  In t he  e ve nt  t h a t  t h e  e f f e c t  i s  " n o n - s t a b i l i z i n g " ,  a change 
i n  f u n c t i o n  may r e s u l t .  The " s t a b i l i z i n g "  i n f l u e n c e  may, o r  may n o t  
r e s u l t  in  an ob s e rv a bl e  change i n  f u n c t i o n .
The h i s t i d i n e  p o i n t s  o f  heme a t t a c h m e n t  i n  hemoglobin and myo­
g l o b in  p r ovid e  a n o t h e r  example o f  c r i t i c a l  s t r u c t u r e  as do t h e  c y s t e i n e  
p o i n t s  o f  heme at ta chm en t  i n  cytochrome c .  All t h r e e  heme groups  l i e  
in  n o n - p o l a r  "p ock et s" .
One can argue t h e n ,  t h a t  some amino a c i d  r e pl a ce m e nt s  a r e  more 
meaningful  than o t h e r s .  However, i t  may very  wel l  be t h a t  a t  some 
p l a c e s  in  a molecule ,  c e r t a i n  amino a c i d s  a r e  e q u i v a l e n t  t o  one 
a no th e r:  gl y c i n e  and a l a n i n e ,  s e r i n e  and t h r e o n i n e ,  a s p a r t i c  a c i d
and g l u t a m i c  a c i d ,  e t c .  I f  one a c c e p t s  t h e  p r i n c i p l e  t h a t  a t  non- 
c r i t i c a l  p o i n t s  o r  re g i o n  o f  t h e  m o le c u le ,  e q u i v a l e n t  rep la ce m e nts  
can o c c u r ,  then t h e  more c r i t i c a l  p o r t i o n s  s h o u l d  be br ou gh t  i n t o  
focus  r e a d i l y .  There a re  only seven p o i n t s  i n  t h e  hemoglobin ch ain
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Table 38
P o l a r i t y  Types o f  Amino Acid Replacement P a i r s
Sperm Whale vs.  Harbor  Seal  Myoglobin
Sequence P o s i t i o n AA P a i r P o l a r - N o n - p o l a r I -
1 Val -  Gly NP-NP E
4 Glu -  Asp P-P E
8 Asn -  His NP-P E
12 His -  Asn P-NP E
15 Ala -  Gly NP-NP E
19 Ala  -  Thr NP-P E
21 Val -  Leu NP-NP E
28 l i e  -  Val NP-NP I
45 Arg -  Lys P-P E
51 Thr  -  Ser P-P I
53 Ala -  Asp NP-P E
54 Glu -  Asp P-P E
56 Lys -  Arg P-P E
57 Ala  -  Arg NP-P E
66 Val -  Asn NP-NP E
74 Ala  -  Gly NP-NP E
118 Arg -  Lys P-P E
121 Gly -  Ala NP-NP E
122 Asn -  Glu NP-P E
129 Gly -  Ala NP-NP E
132 Asn -  Lys NP-P E
140 Lys -  Asn P-NP E
151 Tyr  -  Phe NP-NP E
152 Asn -  His NP-P E
I = I n t e r n a l
E = E x t e rn a l
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Table 39
P o l a r i t y  Types o f  Amino Acid Replacement P a i r s
Sperm Whale vs .  Po r po is e  Myoglobin
Sequence
P o s i t i o n AA P a i r Po la r- N o n -p o l a r I -  E*
1 Val- Gly NP-NP E
12 His -  Asn P-NP E
21 Val -  Leu NP-NP E
28 l i e  - Val NP-NP I
35 Ser  - Gly P-NP I
66 Val -  Asn NP-NP E
74 Ala -  Gly NP-NP E
85 Glu - Asn P-NP E
121 Gly - Ala NP-NP E
122 Asn -  Glu NP-P E
144 Ala - Thr NP-P E
151 Tyr - Phe NP-NP E
152 Asn -  His NP-P E
*1 = I n t e r n a l  
E = External
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i n  t he  v e r t e b r a t e s  t h a t  have not  been seen t o  admit o f  r ep la cem en ts .
This f o r t i f i e s  t he  b a s i c  c on te nt io n t h a t  o u t s i d e  o f  t h e  a c t i v e  s i t e  
and volume o f  t h e  m o le c ul e ,  th e r e  i s  a g r e a t  deal o f  t o l e r a n c e ,  so long 
as t h e  ge neral  s t r u c t u r e  o f  the molecule i s  not  d i s t u r b e d .  A c e r t a i n  
amount o f  dimensional  change i s  probably  a c c e p t a b l e  s i n c e  t h e  mole­
cu les  are  c ap ab le  o f  some f l e x i o n .  '
Base Changes Required t o  E f f e c t  t he  S u b s t i t u t i o n s  Seen
I t  is  customary t o  c o n s id e r  t he  base  changes r e q u i r e d  t o  e f f e c t  
t h e  s u b s t i t u t i o n s  observed by assuming t h e  change t h a t  occurs  i s  t h e  
s i m p l e s t  one p o s s i b l e  s i n c e  base changes a re  s u b j e c t  t o  laws o f  p r o ­
b a b i l i t y .  In keeping with  the  ac ce pt ed  approach,  t he  s i m p l e s t  base changes 
capabl e  o f  indu cin g t h e  observed amino a c id  replacements  a re  l i s t e d  
i n  ( Ta ble  4 0 )  wi th t h e  understanding t h a t  t h e r e  i s  no p r o o f  t h a t  they 
a r e ,  i n  f a c t ,  t h e  a c tu a l  changes.
D e t a i l e d  S i g n i f i c a n c e  o f  Amino Acid Replacements of  Fur Seal and 
Walrus Myoglobin
The replacements  imposed by homology can be e x p l a i n e d  on t h e  b a s i s  
o f  t h e  above p r i n c i p l e s  with  t he  a s s i s t a n c e  of  some o b s e r v a t i o n s  in  t he  
l i t e r a t u r e .
At p o s i t i o n s  #8  and #1 5 2 ,  h i s t i d i n e  i s  " r e p l a c e d 11 by e i t h e r  
gl ut am ic  a c i d  o r  g lu tam in e.  P o s i t i o n  #8  i s  e x t e r n a l l y  d i r e c t e d  and 
e i t h e r  r e s i d u e  would be capable of  e n t e r i n g  i n t o  hydrogen bonding 
wit h  t he  s ur ro un di ng  w a t e r .  A s i m i l a r  argument would hold f o r  t he  
replacement  seen a t  p o s i t i o n  #1 5 2 ,  s i n c e  t h i s  i s  t h e  p e n u l t i m a t e  
r e s i d u e  a t  t he  carboxyl  end of  t he  molecule .
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Si m ple s t  Base Changes Required t o  
E f f e c t  t h e  I n f e r r e d  S u b s t i t u t i o n s
Table 40









Amino Acid P a i r  
His -  Glx
Thr -  Ala 
Asp -  Glx
Arg -  Lys 
Asn -  Glx
Glu -  Gly 
Leu -  Phe
S e r  -  Gly
Base Change
CAU -  CAA (Gin)
CAC -  CAG (Gin)
CAU -  GAA (Glu)
CAC -  GAG (Glu)
ACX -  GCX
(X = V, C, A, o r  G)
GAU -  GAA (Gl u)
GAC -  GAG (Gl u)
GAU -  CAA (Gi n)
GAC -  CAG (Gi n)
AGA -  AAA 
AGG -  AAG
AAU -  CAA (Gi n)
AAC -  CAG (Gi n)
AAU -  GAA (Gl u)
AAC -  GAG (Gl u)
GAA -  GGA 
GAG -  GGG
CUU -  UUU 
CUC -  UUC 
UUA -  UUU 
UUG -  UUC
AGU -  GGU 
AGC -  GGC
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At p o s i t i o n s  #19  and # 6 7 ,  t h e r e  i s  a s u b s t i t u t i o n  o f  t h r e o n i n e  
f o r  a l a n i n e .  P o s i t i o n  #1 9  i s  a t  t h e  c o r n e r  o f  t h e  f i r s t  bend in  
myoglobin.  Al a ni ne  oc cupies  t h i s  p o s i t i o n  in sperm whale myoglobin,  
and may very wel l  be " b u r i e d  in t h e  c r e v i c e s " ,  (op c i t )  In t h e  
a lpha  and b e t a  c h a in s  o f  horse  and human hemoglobin,  t h i s  p o s i t i o n  
i s  oc cu pie d by g l y c i n e ,  glutamic  a c i d ,  o r  a s p a r t i c  a c i d .  P o s i t i o n  
#67  i s  e x t e r n a l l y  d i r e c t e d  and one must invoke a "buried"  a l a n i n e  
a ga in .
P o s i t i o n  #54  i s  t h e  s i t e  of a s u b s t i t u t i o n  of  g l u ta m i c  a c i d  o r  
gl uta mi ne  r e s i d u e  f o r  an a s p a r t i c  a c i d  r e s i d u e .  E i t h e r  rep la ce m e nt  
would m a i n ta i n  t h e  hydrogen bonding q u a l i t y  a t  t h i s  p o s i t i o n ,  one 
o c c u r r i n g  a t  t h e  c o r n e r  between t h e  f o u r t h  and f i f t h  segments o f  t h e  
m olecule .
At p o s i t i o n s  #56  and #1 4 7 ,  a r g i n i n e  i s  r e p l a c e d  by l y s i n e .  The 
r e s i d u e  a t  #56 i s  e x t e r n a l l y  d i r e c t e d  a t  t h e  same c o r n e r  as # 5 4 .  
P o s i t i o n  #1 4 7  i s  e x t e r n a l l y  d i r e c t e d .
The s u b s t i t u t i o n  o f  a gluta mic  a c i d  o r  g lu tam in e r e s i d u e  f o r  an 
a s p a r a g i n e  a t  #66  i s  e x t e r n a l l y  d i r e c t e d  and e i t h e r  one would p r e s e r v e  
t he  hydrogen bonding q u a l i t y  of  t h e  p o s i t i o n .
The s u b s t i t u t i o n  o f  g ly ci ne  f o r  g lu ta m i c  a c i d  a t  p o s i t i o n  # 7 4 ,  an 
e x t e r n a l l y  d i r e c t e d  r e s i d u e ,  would r e s u l t  in  a "b uried"  hydrogen atom 
s i d e  c h a i n .  This  would no t  e n t e r  i n t o  a hydrogen bond,  nor  would i t  
i n t e r f e r e  w i t h  t h e  ge n e ra l  e x t e r n a l  aqueous environment .  In sperm 
whale myoglobin,  t h i s  p o s i t i o n  i s  oc cu pie d by a l a n i n e .
The s u b s t i t u t i o n  o f  p h e n y la l a n i n e  f o r  l e u c i n e  a t  p o s i t i o n  # 7 6 ,
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i s  p r ob ab ly  t r i v i a l  s i n c e  both  a r e  n o n - p o l a r  and t h e  r e s i d u e  i s  
i n t e r n a l l y  d i r e c t e d .
The s u b s t i t u t i o n  o f  g l y c i n e  f o r  s e r i n e  a t  p o s i t i o n  # 1 1 7  i s  non- 
d i s r u p t i v e  s i n c e  t h e  e x t e r n a l l y  d i r e c t e d  g l y c i n e  hydrogen w i l l  be 
" b u r i e d " .
I t  i s  p o s s i b l e ,  th en t o  t r e a t  t h e  p e r s i s t e n c e  o f  t h e  obs erv ed  
amino a c i d  d i f f e r e n c e s  on t h e  b a s i s  o f  t h e  propo sed  model.
Most o f  t h e  d i f f e r e n c e s  between t h e  myoglobin s e quen ce s  o f  t h e  
phocidae and t h e  w a l r u s - f u r  s e a l  myoglobin a r e  r e a d i l y  e x p l a i n e d  as 
" a c c e p ta b l e "  on t h e  b a s i s  o f  hydrogen bonding and hydro phobic  bonding 
c h a r a c t e r i s t i c s .  The a pp e ar a nc e  o f  g l y c i n e  o r  a l a n i n e  as an e x t e r n a l l y  
d i r e c t e d  r e s i d u e  i s  e x p l a i n e d  on t h e  grounds t h a t  t h e  small  s i d e  chains  
involved a r e  b u r i e d  i n  t h e  c r e v i c e s  o f  t h e  m ole cu le .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
130
I .  This r e s e a r c h  was designed t o  answer t h e  q u e s t i o n  "What i s  t h e  degree  
o f  d i f f e r e n c e  o r  s i m i l a r i t y  seen i n  t h e  pr imary s t r u c t u r e  of  t h e  myo­
g lo bin s  o f  f o u r  members of the  fa m ily  Ph ocidae,  and what i s  t h e  degree  
o f  d i f f e r e n c e  o r  s i m i l a r i t y  seen in  t h e  primary s t r u c t u r e  o f  t h e  myo­
g lo bin s  o f  members o f  t h e  t h r e e  f a m i l i e s  o f  t h e  P i n n i p e d i a ? "  A d e t a i l e d  
respon se  can now be given.  This response  i s  made with t he  i m p l i c i t  
und e rs t a n d in g  t h a t  t h e  i n f e r r e d  sequences  are  based on t he  two homology 
assumptions p r e v i o u s l y  s t a t e d .
1. The pr imary s t r u c t u r e  o f  t h e  myoglobins o f  h a r b o r  s e a l s  from 
th e  Bering Sea and t h e  coast  o f  Maine are  probably  i d e n t i c a l ,  wi th  t he  
p o s s i b l e  e x c e p t io n  o f  those  p o r t i o n s  o f  t h e  sequence r e p r e s e n t e d  by t h e  
p e p t i d e s  T - l e  and T - l2 b  fo r  which no i n fo r m a t io n  was o b t a i n e d .
2.  The pr imary s t r u c t u r e  o f  t h e  myoglobins o f  h a r b o r  s e a l  and 
r ibbon s e a l  a r e  pro bab ly  i d e n t i c a l ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n s  o f  t h o s e  
p o r t i o n s  o f  t h e  sequence r e p r e s e n t e d  by p e p t i d e s  T - l e  and T- 12a.
3. The pr imary s t r u c t u r e  o f  myoglobins o f  t h e  bea rde d s e a l  and 
Weddell s e a l  a re  both probably i d e n t i c a l  with t h a t  o f  h a r b o r  s e a l  with 
th e  p o s s i b l e  e x c e p t i o n  of  th os e  p o r t i o n s  o f  t h e  sequence r e p r e s e n t e d  by 
p e p t i d e s  T - l e ,  T- 1 2 b ,  a n d T - 1 3  f o r  which no i n f o r m a t i o n  was o b t a i n e d .
4 .  The pr imary s t r u c t u r e  o f  t he  myoglobin o f  t h e  n o r th e r n  f u r  se al  
poss es se s  a t  l e a s t  e i g h t  replacement  d i f f e r e n c e s  when compared with  t h a t  
o f  t h e  h a r b o r  s e a l .  This comparison does no t  i n c l u d e  t h o s e  p o r t i o n s  o f  
t h e  sequence r e p r e s e n t e d  by p e p t i d e s  T - l e ,  T - 4 ,  T - 8 ,  T - lO c,  T- 12 b ,  and 
T - l 3 f o r  which no infor mat ion  was o b t ai ne d .
CONCLUSIONS
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6.  The primary s t r u c t u r e  of  t h e  myoglobin o f  t he  walrus  d i f f e r s  
from t h a t  of  the f u r  se al  by one amino ac id  replace me nt .  This compari­
son i s  based on t h o s e  p o r t i o n s  of  t h e  sequence t h a t  were found f o r  the  
walrus  myoglobin.
7. With the  above e xc ept ion s  n o t e d ,  t h e r e  a r e  no d i f f e r e n c e s  in 
t h e  myoglobins o f  f o u r  members of  t h e  family  Phocidae.  There are a t  
l e a s t  nine d i f f e r e n c e s  between t h e  myoglobins o f  family  Phocidae and 
fami ly  Odobenidae. There a re  a t  l e a s t  e i g h t  d i f f e r e n c e s  between t he  
myoglobins of  family  Phocidae and family  O t a r i i d a e .  There i s  a t  l e a s t  
one d i f f e r e n c e  between t h e  myoglobins o f  family  Odobenus and family  Ot­
a r i i d a e .
I I .  The pe pt ide  mapping method employed f o r  t h i s  r e s e a r c h  has d e f i n i t e  
p o t e n t i a l  f o r  a s tudy  o f  t h i s  ty pe .  The convenience o f  han dl in g small  
pi e c e s  o f  paper,  t he  s h o r t  t ime r e q u i r e d  f o r  e l e c t r o p h o r e s i s ,  t h e  min­
imal su p p o rt  space r e q u i r e d ,  and r e l a t i v e l y  in ex pe ns iv e  ap pa ra tu s  are  
a l l  d e f i n i t e  ad van tages.  As p r e v i o u s l y  s t a t e d ,  a s o l i d  s u p p o rt  medium 
o t h e r  than c e l l u l o s e  pa pe r  would enhance t h i s  t e c hniq ue  immeasurably.  
Even s o ,  t h i s  p r e s e n t  method would permit  q u a l i t a t i v e  surveys t o  be 
c a r r i e d  out  qui ckl y  and i n e x p e n s i v e l y .  Such surveys a re  n e c es s a ry  t o  
t he  p r o p e r  planning of  use of  such formidable t o o l s  as t h e  s e q u e n a t o r .
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